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INTRODUCTION. 

While almost every other branch of physical 
sdence has been made the subject of systematic 
treatiaes without number, and some have been, as it 
were, set apart from the general mass of natural 
[duloeophy, and raised to the rank of dbtinct sci- 
tsMxs by the badge of some characteristic title, 
Heat alone has been lefl to form a chapter of 
Chemistry, or to receive a passing notice in 
treatises on general physics. L^ht has long en- 
joyed the exclusive attention of philosophers, and 
lias been elevated to the dignity of a science, under 
the name of Optics. Electricitt/ and Moffnetum 
have also been thought worthy subjects for separate 
treatises; yet can any one who lias observed the 
put played by heat on the theatre of nature, 
doubt that its claims to attention are equal to those 
of light, and superior to those of electricity and 
magnetism ? It is possible for organised matter to 
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exist without light. Innumerable operations of 
nature proceed au regularly and as effectually in 
its abscncE; its nhen it is present. Tlie want of 
that sense which it is designed to affect in die 
animal economy in no degree impairs the other 
powers of the body, Dor in man does such a defect 
interfere in any way with the faculties of the mind. 
Light is, so to speak, an object rather of luxury 
than of positive necessity. Nature supplies it, there- I 
fore, not in unlimited abundance, nor at all times I 
and places, but rather with that thrift and economy i 
which she is wont to observe in dispensing the ob' 
jects of our pleasures, compared with those which 
are necessary to our being. But heat, on the con- 
trary, she has yielded in the most unbounded plen- 
teousness. Heat is every where present. Every 
body that exists contains it in quantity without 
known limit. The most inert and rude masses are 
pr^nant with it. Whatever we see, hear, smell, 
taste, or feel, is full of it. To its influence is due 
that endless variety of forms which are spread over 
and beautify the surface of the globe. Land, water, 
air, could not for a single instant exist as they 
do, in its absence ; all would suddenly fall into one 
rude formless mass — solid and impenetrable. The 
air of heaven, hardening into a cruet, would en- 
velop the globe, and crush within an everlasting 
' tomb all that it contains. Heat is the parent and 
the nurse of the endless beauties of organisation ; 
the mineral, the vegetable, the animal kingdom 
are its offspring. Every natural structure is either 
immediately produced by its agency, maintained by 
its influence, or intimately dependent on it. With- 



nsCantly all life, motion, form, and 
: to exist, and it may be literally 



draw heat, s 
beauty will 
said, " Chac 

Nor is heat less instrumental in the processes of 
art than in the operations of nature. All that art 
can effect on the productions of nature ia to change 
tJieir form or arrangement, — to Ecparate, or to 
combine them. Bodies are moulded to forms which 
our wants or our tastes demand ; — compounds are 
decomposed, and their obnoxious or useless ele- 
ments expelled, in obedience to our wishes: — in 
all such processes heat is the agent At itB ' 
bidding the most obdurate masses soOen like 
wax, and are fashioned to suit our most wayward 
caprices. Elements of bodies knit together by the 
most stubborn affinities, — by forces which might 
well be deemed invincible, — are torn asunder by this 
omnipotent solvent, and separately presented for the 
use or tlie pleasure of man, the great master of art. 

If we turn from art to science, we find heat assist- 
ing, or obstructing, as the case may be, but always 
modifying, the objects of our enquiry. The commoa 
spectator, who on a clear night beholds the firma- 
meot, thinks he obtains a just notion of the position 
and arrangement of the brilliant objects with which 
it is 80 richly furnished. The more exact vision of 
the astronomer discovers, however, that he beholds 
this starry vault through a distorting medium ; that 
m fact he views it through a great lens of air, by 
which every object is removed from its proper 
place ; nay more, that this distortion varies from 
night to night, and from hour to hour, — varies with 
the varying heat of the atmosphere which produces 
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iL Such distortion, and the variations to which it 
is Bubject, must then be accurately ascertained, 
before any inference can be made respecting the 
motion, position, magnitude, or distance of any 
object in the heavens ; and ascertained it cannot be 
unless the laws whicii govern the phenomena of 
heat be known. 

But the very instruments which the same astro- 
nomer uses to assist his vision, and to note and 
measure the positions and mutual distances of the 
objects of his enquiry, are themselves eminently sub- 
ject to the same distorting influence. The metal of 
which tliey are formed swells and contracts with 
'ivery fluctuation in the heat to whici) it is CKposed. 
A sunbeam, a blast of cold air, nay, the very heat 
of the astronomer's own body, must produce effects 
on tiie figiire of the brazen arch by whose divided 
surface his measurements and his observations are 
effected. Such effects must therefore be known, 
and taken into account, ere he can hope to attain 
that accuracy which the delicacy of his investigations 
renders indispensably necessary. 

The chemist, in all his proceedings, is beset with 
the effects of heat aiding or impeding his researches. 
Now it promotes the disunion of combined ele- 
ments ; now fuses into one uniform mass the most 
heterogeneous materials. At one time he resorts 
to it as the means of arousing dormant affinities — 
at another he applies its powers to dissolve the 
strongest bonds of chemical attraction. Compo- 
sition" and decomposition are equally attended by 
its evolution and absorption ; and oflen to such an 
extent as to produce tremendous explosions on the 



one hand, or cold, exceeding the rigours of the most 
severe polar winter, on the oilier,* 

But why repair to the observatory of the astro- 
nomer, or to the laboratory of the chemist, for ex- 
amples of it principle which is in never-ceasing 
operation aroutid us I Sleeping or waking, at home 
or abroad, by night or by day, at rest or in motion, 
in the country or in the town, traversing the burn- 
ing limits of the tropics or exploring the rigours of 
the pole, we ate e»er under its influence. We are 
at once its slaves and its masters. 

We are its slaves. — Without it we cannot for a 
moment live. Without its well-regulated quantity 
we cannot for a moment enjoy life. It rules our 
pleasures and our pains ; it lays us on the sick bed, 
and raises us Irom it. It is our disease, and our phy- 
sician. In the ardour of summer we ianguish under 
Its excess, and in the rigour cf winter we shiver under 
its defect. Does it accumulate around us in undue 
quantity ? — we burn with fever. Does it depart 
from ua with unwonted rapidity ? — we shake with 
^ue, or writhe under the pains of rheumatism and 
die tribe of maladies which it leaves behind when it 
quits us. 

; We are its masters. — We subdue it to our will, 
and dispose it to our purposes. Amid arctic snows 
we conJiTie it around our persons, and prevent its 
escape by a clothing impervious to it. Under a 

■ The etplodon of gunpcvdei i^ an eiTect of chemical 
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tropical sun we exclude it by like means." 

tort it iVom water, to obtain the luxury of ice in hot 
SCttsona ! and we force it into water, to warm our 
apnrlnients in cold ones, f Do we traverse the 
teas? — It lends wings to the ship, and bids defiance 
to tlie natural opponents, the winds and the tides. 
Do we traverse the land? — It is harnessed to the 
chariot, and we outstrip the flight of the swiftest 
bird, and equal the fiiry of the tempest. J 

If we sleep, — our chamber and our couch are 
flirnislied with contrivances for its due regulation. 
If we eat, — our food owes its savour and its nutri- 
tion to heat. From this the fruit receives its ripe- 
ness, and by this the viands of the table are fitted 
for our use. The grateful infusion which forms our 
rnorning repast might remain for ever hidden in the 
leaf of the trce§, the berry of the plant ||, or the 
Jcernel of the nut ^, ifheat did not lend its power to 

" Clothing, in ([eneral, is composed of non-conducting sub- 
•Uncei, which in cold weather pn^venis (he hcsl produced by 
the body from eicaping, and preserves its lemperalure ; and in 
hot wcKlbci eicludes the heat from the bod;, so a* to prevent 

+ Buildings ore wanned by bot water carried tbiough lbs 
Dpirtmunts in pipn. 

t The iwirtest (light ofa carrier pigeon does not aceei the rate 
oftwenly-Biimilusanhour. It is calculated that the velocity of 
a high wind is U the rate of about tluny to thirty-five miles an 
hour. The steam carriages on the Manchester and Liverpool 
Bailway have been known to travel about eii and thirty miles 
M hour; and it IS staled, in the evidence before a Committee 
ef the House of Coinmans, that steam carriages have run on 

% The lea-tree. jl Coffee. f Chocolate. 



extract them. The beverage that w 
DB, when relaxed by labour, or overcome by fatiguei 
IB distilled, brewed, or fermented by the agency of 
beat. The productions of nature give up their sana- 
tive principles to this all-powerful agent ; and hence 
the decoction, or the pill, is produced to restore 
health to the sinking patient. 

When the sun hides his face, and the heavens 
are veiled in darkness, whence do we obtaio light ? 
Heat confers light upon air *, and the taper burns, 
and the lamp blazes, producing artificial day, guiding 
us in the pursuits of business or of pleasure, and 
thus adding to the sum of life by rendering hours 
pleasant and useful which must otherwise have been 
lost in torpor or in sleep. 

These and a thousand other circumstances provi> 
how important a physical agent is that, to the explica- 
tion of whose effects the pages of the present volume 
are devoted. But it is neither the intrinsic import- 
ance of the subject, nor its connection with every 
natural appearance that can attract observation or 



excite enquiry, which alo 
propriate to it so extensii 
pffidla. It presents othei 
peculiar consideration in e 



ic has induced us to ap- 
B a portion of this Cyclo- 
advantages which merit 
work designed for popular 
—The phenomena all admit of being explained 
without the aid of abstruse reasoning, technical Ian- 
guage,or mathematical symbols. The subject abounds 
in examples of the most felicitous processes of in 
duction, from which the general reader may obtain a 
view of that beautiful logic, the light of which Bacon 



first let in on the obscurity in wbich he found 
phyiicM involved. And, finally, the whole range 
of Dur domeBtic experience presents a scries of 
Amiliar anil pointed illustrations of the principles 
to ivhich it leads. 

The various effects of heat are are so interwoven 
with each other, that it is not possible to explain, 
with any degree of rictail, any one of them without 
reference to the others. It is therefore necessary, 
before we enter on the investigations contained in 
the following chapters, to lay before the reader a 
ihort summary of the objects which will subse- 
quently be examined in greater detail. With this 
view wc shall endeavour to rise to an elevated 
■tution, whence we can, at one glance, survey the 
whole region through which we must afterwards 
IraveU By such means a more accurate notion 
mny he formed of the mutual connection and re- 
lation of the several topics as they shall succesBlvely 
present themselves ; and when it is necessary, as it 
will occagionolly be, to refer to subjects not yet 
discussed, such allusions will be the more readily 
and more clearly comprehended. 



DILATATION. 

(CHAPTERS n. III. IV.) 

The first and most common effect of heat is to 
increase the size of the body to which it is imparted. 
s effect is called dilatation, or expansion; 



and the body so affected is Bald to expand oc 
dilated. If lieat be abstracted from a body, the 
contrary effect is produced, and the body contracts. 
These effects are produced in different degrees and 
estimated by different methods, according as the 
bodies which suffer them are solids, liquids, or airs. 

The dilatation of solids is very minute, even by 
considerable additions of heat ; that of liquids is 
greater, but that of air is greatest of all. 

The force with which a solid dilates is equal to 
that with which it would resist compression ; and 
the force with which it contracts is equal to that 
with which it would resist extension. Such forces 
are therefore proportional to the strength of the 
solid, estimated with reference to the power with 
which they woidd resist compression or extension. 

The force with which liquids dilate is equivalent 
to that with which they would resist compression ; 
and, as liquids are nearly incompressible, this force 
is very considerable. 

As air b capable of being compressed with facility, 
its dilatation by heat is easily resisted. If such 
dilatation be opposed, by confining air within fixed 
bounds, then the effect of heat, instead of enlarging 
its dimensions, will be to increase its pressure on 
the surface by which it is confined. 

Ex. I. Tlie works of clocks and watches swell 
and contract with the vicissitudes of heat and cold 
to which they are exposed. When the pendulum 
of a clock, or balance wheel of a watch, is thus en- 
larged by heat, it swings more slowly, and the rale 
is diminished. On the other hand, when it con- 
tracts by cold, its vibration is accelerated, and the 
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I nie is incrcaHcd. Various contrivances tiave be 
[ resorted to, to counteract these effects. 

Ex. 'i. When boihng water is poured into a th! 
' gbss, the un(?<]ual expansion of the glass wiJl ti 
one part tVimi anollier, and produce fracture. 

Ex. H. The same vessel contains a greater qui 
tity nl' cold than of hot water, 

if a kettle, completely filled with cold water, ' 
placed on a fire, the water, wlien it begins to g 
Wfkrm, will swell, and spontaneously flow from t 
■pout of the kettle, until it ceases to expand. 

Ex. 4. If a bottle, well corked, be placed before 
the fire, especially if it contain fermented liquor in 
which air is fixed, tlie air confined in it will acquire 
increased pressure by the heat imparted to it, and 
iti effort to expand will at length be so great that 
the cork will shoot from the bottle, or the bottle 
iticif will burst. 

. Ttius we perceive that the magnitude of a body 
depends on the quantity of heat which has been 
imparted to it, or abstracted from it; and as it must 
be in a state of continual variation, with respect to 
tile heat which it contains, it follows that it must 
be in a state of continual variation with respect to 
I it! magnitude. Wc can, therefore, never pronounce 
Q the magnitude of any body with exactness, un- 
i we are at the same time informed of its situ- 
n with respect to heat. Every hour the bodies 
ind us are swelling and contracting, and never for 
moment retain the same dimensions ; neither are 
!ie>Geffectsconfined to theirexteriordimensions,but 
Bctend to their most intimate component particles. 
e are in a constant state of motion, alternately 
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md receding from one another, and 

their relative positioDS and dislances. 

Thus, the particles of matter, sluggish and inert as 

the; appear, are in a state of constant motion and 

L appareDt activitj. 



THE THERMOMETER. 



(chapter v.) 

SiscE the magnitude of an; body changes with the 
heat to which it is exposed, and since when subject to 

ihc same caloriBc influence it always has the same 
magnitude; these dilatations and con tractions, which 
are the constant effects of heat, may be taken as the 
measure of the physical cause which produced them. 
The changes in magnitude which a body suffers by 
iJianges in tlie heat to which it is exposed are 
called changes of temperature; and the actual state 
(f the body, at any moment, determined by a com- 
parison of its magnitude with the heat to which it 
is exposed, is called its temperature. At the 
mne temperature, the same body always has the 
same magnitude; and when its magnitude in- 
creases, by being exposed to heat, its temperature 
it said ID rise ; and, on the contrary, when its mag- 
nitude is diminished, its temperature is said to fall. 
The variation of magnitude of any body is there- 
fore taken as a measure of temperature, but as it 
would be inconvenient, in practice, to adopt ditferent 
measures of temperature, one body is selected, by 
the dilatation and contraction of which those of all 



other builitis are measured, and wi[h lliis bodf i 
thermometer, or measure of temperature, is formed. 

The substance most commonly uGed for this pur- 
pose i» a liquid melal, called tnercury or quichilver. 
Let a glass tube of very small bore, and terminating 
in a sptierical bulb, be provided, and let the bulb 
and a part of the tube be tilled with mercury. If 
the bulb bo exposed to any source of heat, tiie 
liijuid metal contained in it will expand, and, tbe 
bulb being no longer sufficiently capacious for it, 
the column in the tube will be preased upwards, to 
afford room for the increased volume of the mer- 
cury. On the other hand, if the bulb be exposed 
to cold, the mercury will contract, and the column 
in the tube will fall. 

If wc take another similar instrument, havbg a 
bulb of the same magnitude, but a smaller tube, 
the same change of temperature will cause the 
mercury in the tube to rise through a certain space, 
and this space will be greater than in the former, 
in the same proportion as the bore of the tube is 
dmaller; because in this case the actual dilatation 
of the mercury in both tubes is the same, but this 
dilatation will fill a more extensive space in the 
smaller tube. When tlie bulb, therelbre, has the 
same magnitude, the thermometer will be more sen- 
sible the smaller the tube ; or, in general, the less 
the magnitude of the tube, compared wiili that of 
the bulb, the greater will be the sensibility of the 
instrument. 

It is evident, therefore, that the same change of 
temperature would produce very different effects on 
these two instruments, and the indications of the 




me could not be compared with those of the other. 
To render them comparable, it will be neceaaary to 
deteraiiDc the eilects which the same temperatures 
trill produce on both. Let the two instruments be 
iramereed in pure suow m a meiting state. The 
mercury will be observed lo stop in each at a cer- 
tain heighL Let these heights be marked on the 
■caleB attached to the tubes respectively. Now, it 
will happen tJiat at whatever time or place these 
instruments may be immersed in melting snow, the 
loercury will always fix itself at the points here 
marked. This, therefore, constitutes one of the 
fixed points of the thermometer, and is called the 
fitamff point. 

Let the two instruments be now immersed in 
pure water in a boiling state, the height of the 
barometer being thirty inches at the time of the 
experiment. Tlie mercury wiU rise in each to a 
certain point. Let this point be marked on the 
scale of each. It will be found that at whatever 
time or place the instruments are immersed in pure 
water, when boiling, provided the barometer stand 
at the same height of thirty inches, the mercury 
will rise in each to the point thus marked. This, 
therefore, forms another fixed point on the thermo- 
metric scale, wid is called the boiling poinL 

The distance between these two points on the 
two thermometers in question will be observed to 
be different. In the thermometer which has a tube 
with a smaller bore in proportion to its bulb, the 
distance will be greater than in the other, because 
the same volume of mercury which forms the dila- 
tation of that liquid from the freezing to the boiling 
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point fills a greater length of the smaller than of the 
large tube. It isplam, therefore, that, siipce this given 
difference of temperature causes the column of mer- 
cury to rise through a greater space in the one tiian 
in the other, the one instrument is properly said to 
possess a greater sensibility than the other. 

Let the intervals on the scale between the fireez- 
ing and boiling points be now divided into 180 equal 
parts; and let this division be similarly continued 
below the freezing point and above the boiling point. 
Opposite the 32d division below the freezing point 
place 0, and let each division upwards from that be 
marked with the successive numbers 1, % 3, &c 
The freezing point will now be the 32d division, and 
the boiling point will be the 2I2th division. These 
divbions are called degrees; and the freezing point 
is therefore 32°, and the boiling temperature 21S°. 

It is evident that, although the degrees on these 
two instruments are dilferent in magnitude, Still tlie 
same temperature is marked by the same d^ree 0(| 
each, and, tlierefore, their mdications will corre- 
spond. 

The manner of dividing and numbering the scale 
here described is that which is commonly adopted 
in England, and is called Falirenheit's scale. Other 
methods have been adopted in France and else- 
where, which will be hereafter described. 



I 




CHANGE OF STATE. 
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Liqtxtfaction, L«t a mass of snow, at the tem- 
perature of 0°, having a tliermometer immersed id it, 
be exposed to an atiiios[)here of the temperature of 
no". As the snow gradually receives heat from the 
lurrounding air, the thermometer immersed in it 
will be observed to rise until it attain the tempera- 
ture of 32°. The snow will then immediately be- 
gin to be converted into water, and the thermometer 
will become stationary. During the process of 
liquefaction, and while the snow constantly receives 
heat from the surrounding air, the thermometer will 
still be fixed, nor will it begin to rise until the 
process of liquefaction Ie completed. Tlien, how- 
ever, the thermometer will again begin to rise, and 
will continue to rise until it attain the same tem- 
perature as the surrounding air. 

Heat, therefore, when supplied to the snow in a 
tufficient quantity, has the effect of causing it to 
pasa from the solid to tbe liquid state, and while so 
employed becomes incapable of affecting the ther- 
mometer. The heat thus consumed or absorbed in 
the process of liquefaction is said to become latent; 
the meaning of which is, that it is in a state inca- 
pable of affecting the thermometer. 

The property here described, with respect to snow, 
is common to all solids. Every body in the solid 
state, if heat be imparted to it, will at length attain 
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B temperature at which it will pass into the liquid 
state. This temperature is called ils point t^futm, 
its melting point, or ils fusing point ; and in pa^eiDg 
into the liquid state, the thermometer will be main- 
tained at the dxed temperature of fusion, and will 
not be alFcctcd by that heat which the body receiTei 
while undergoing the transition from the Bolid ts 
the liquid state. 

Ehuililion. If water at the temperature of 60°be 
placed in a vessel on a fire having a thermometR 
immersed in it, the thermometer will be observed 
gradually to rise, and the water will become hotter, 
until the thermometer arrives at the temperature of 
212°. Having attained that point, the water will 
be observed to be put into a state of agitation, and 
bubbles of steam will constantly rise from the bot- 
tom of the vessel, and escape at its surface, the ther- 
mometer still remaining stationary at 212°. This 
process is called E/nilUHoa, and the water is said to 
boil; but no continued supply of heat nor any io- 
creased intensity in the fire, can communicate 10 
the water a higher temperature than 212°. 

Other liquids are found to undergo a like effect 
If exposed to heat, their temperatures will constantly 
rise, until they attain a certain limit, which is different 
in different liquids ; but having attained this limit, 
tliey will enter into a state of ebullition, and no 
addition of heat can impart to them a higher tem- 
perature. The temperature at which different 
liquids thus boil is called their boiling points. 

The melting or freezing points, and the boiling 
Bpoints, constitute important physical characters, bj^n 
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which different EubsCtuiceB are distinguished irooi 
each other. 

When heat continues to be suppUed to a liquid 
which is in the state of ebullition, the liquid is gra- 
dually converted into vapour or sti^am, which is a 
form of body posBesclng the same physical charac- 
ters as atmospheric air. The steam or vapour thus 
produced has the same temperature as the water 
from which it was raised, notwithstanding the great 
quantity of heat imparted to the water in its tran- 
Eition from the one state to the other. This quantity 
of heat is therefore late?it. 

SolidificaHon or Cojiffelatiott.- The abstraction of 
heat produces a scries of effects contrary to those 
just described. If heat be wiihdrawu from a liquid, 
its temperature will first be gradually lowered until 
it attain a certain point, at which it will pass into 
the solid state. This point is the same as that at 
which, being solid, it would pass into the liquid 
itate. Thus, water gradually cooled from 60° down- 
wards will fall in its tenipcruturc until it attains the 
limit of 32° : there it passes into the solid state, and 
forms ice ; and during this transition a large quan- 
tity of heat is dismissed, while the temperature ii 
maintained at 32". 

Gmdemation, In like manner, If heat be with- 
drawn from steam or vapour, it no longer remaini 
in the aeriform state, but resumes the liquid form. 
In this case it undergoes a very great diminution of 
bulb, a large volume of steam forming only a. few 
drops of liquid. Hence the process by which vapour 
passes from the aeriform to the liquid state has been 
called condensation. 



VujHiriiialiun. When a liquid bolls, tb 
gonumU'il ill cvL'ry part of its dimensions, at 
abundantly in those parts which are neare« the 
Mourt'v of heat, but liquids generate vapour _^mb 
Atir mifucea at oil temperatures. Thus, a vessd of 
WBttiT nt tlie temperature of 80° will dismiss from 
it* lurfbcc u quantity of vapour; and if its teuipo- 
Bluro be retained at 80°, it will continue to dismin 
vapour from its surface at the same rate, until all the 
water in llio vessel has disappeared. This process, 
by which vupour is produced at the surface of liquids, 
at lomporutures below tjieir boiling point, is called 
vaporiialirm' 

Evaporntion. The process of vaporisation is 
({cncrally going on at tiie surface of all collections 
of wntur, (freal or small, on every part of the globe, 
but it is in still more powerful operation when 
liquid Juices are distributed through the pores, 
fibres, and interstices of animal and vegetable stnic- 
ttirtJM. In all these cases, the rate at which the 
liquid is converted into vapour is greatly modified 
by the pressure of the atmosphere. The pressure 
of that fluid retards vaporisation, if its- effects be 
compared with that which would take place in a 
vacuum j but, on tlie other haod, the currents of air 
continually carrying away the vapour as fast as it is 
formed, in the space above the surface, gives room 
Ibr tlie formation of fresh vapour, and accelerates 
the transition of the liquids to the vaporous state. 
The process of vaporisation, thus modified by the 
atii)0iphcre and its currents, bo far as it affects the 
collections of water and liquids generally in 
parts of the earth, is denominated EVAPoHATioir."^ 
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The condensation of the vapour, tlius drawn up 
and suspended in the atmoephere by various causesi 
tending to extricate the latent heat which gives to 
it the form of air, produces all the phenomena of 
dew, rain, hail, snow, &c. &c. A slight degree of 
cold converts the vapour suspended in the atmo- 
sphere into a liquid ; and by the natural cohesion of 
its molecules, it collects into spherules or drops, and 
falls in the form of rain. A greater degree of cold 
solidifies or congeals its minute particles, and they 
descend to the earth in flakes of snow. If, how- 
ever, they are first formed into liquid spherules, 
and then solidified, hail is produced. 

Thus there is a constant interchange of matter 
between the earth and itii atmosphere, — the atmo- 
sphere continually drawing up water in the form of 
vapour, and, when the heat which accomplishes this 
is diminished, precipitating it in the form of dew, 
run, snow, or hail. 



SPECinC HEAT. 



Different bodies are differently susceptible of the 
effects of heat. To produce a given change of 
temperature in some, re(iuires a greater supply of 
heat than in others. Thus, to raise water from the 
temperature of 50° to the temperature of 60°, will 
lequire a fire of given intensity to act upon it about 
thirty times as long as to raise the same weight of 
raercury through the same range of tem^TaX.vxrB. 



In the same manner, if various other bodies be sulf> 
mitted to a like experiment, it will be found that to 
produce the same change of temperature on the 
same weights of each, will require the action of the 
fame fire for a different length of time. 

The quantities of heat necessary to produce the 
game change of temperature, in equal weights of 
different bodies, are therefore called tlie spec^ 
heaU of theee bodies. If 1000 express the specific 
• heat of pure water, or the quantity of heat necessary 
to raise a given weight of pure water through 1°, 
then 33 will express the specific heat of mercury, 
or the quantity of heat necessary to raise the same 
weight of mercury through 1°; 70 will express 
the specific heat of tin ; 80 of silver ; 1 10 of iron ; 
so on. Tlie specific heat furnishes another 
I physical character by which bodies, whether aim- 
1 pie or compound, of different kinds, may be dis- 
tinguished. 

The specific heat of the same body is changeable 
with its density. In general, as the density is m- 
creased, the specific heat Is diminished. Nov, if 
the specific heat of a body be diminished, since a 
less quantity of heat will then raise it through 1° of 
temperature, the quantity of heat which It actually 
contains will make it hotter when it is rendered 
more dense, and colder when it is rendered more 

Hence wc find, that when certain metals are ham- 
r tnered, so as to increase their density, they become 
[ hotter, and sometimes become red-hot. 

' air be squeezed into a small compass, it be- 
es so hot as to ignite tinder ; and tlie discharge 
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of an air-gun is said lo be accoropauied by a flash 
of light ID the dark. 

On the other hand, if air expand into an enlarged 
space, it becomes colder. Hence, in the upper re- 
gions of the atmosphere, where the air is not com- 
pressed, its temperature is much reduced, ajid the 
cold becomes so great as to cause, on high moun- 
tains, perpetual snow. 

The specific heats of compounds frequently diSer 
Bodi from those of the components. If the specific 
heat of bodies be greatly diminished by their com- 
binatioD, then the quantity of heat which they cod- 
tun will render the compound much hotter than the 
ooinponeDts before the combination took place. I^ 
on the other hand, the specific heat of the com- 
pound be greater than that of the components, then 
ihe compound will be colder, because the heat 
which it contains will be insufficient to sustain the 
satne temperature. 

Hence we invariably find that chernical combin- 
stioa produces a change of temperature. In some 
cases cold is produced, but in most cases a consi- 
derable increase of temperature is the result. 
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PROPAGATION OF HEAT. 



(chapters ) 
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Heat is propagated through space in two ways. 
First, by radiation, which is apparently indepen- 
dent of the presence of matter ; and, secondly, by 
conduction, — a word which expresses the passage of 
heat from particle to particle of a mass of matter. 



Radiation. The principal properties of heat are 
so nearly identical with those of light, that the 
supposition that heat is obscure light la counte- 
nanced by strong probabilities. Heat proceeds in 
straight Hnea irom the points whence it emanateSi 
diverging in every direction. Tliese lines are called 
rays of heat, and the process is called radiation. 
Heat radiates through certain bodies which are 
transparent to it, as glass is to light. It passes 
freely through air or gas : it also passes through a 
vacuum ; and, therefore, its propagation by radiation 
does not depend on the presence of matter. In- 
deed, the great velocity tvitti which it is propagated 
by radiation proves that it does not proceed by 
transmission from particle to particle. 

The rays of heat arc reflected and refracted ac- 
cording Co the same laws as those of light. They 
are collected in foci, by concave mirrors and by 
convex lenses. These undergo polarisation, both 
by reflection and refraction, in the same manner as 
rays of light. They are subject to all the compli- 
cated phenomena of double refraction by certain 
crystals, in the same manner exactly as rays of 
light. 

Certain bodies possess imperfect transparency to 
heat : such bodies transmit a portion of the heat 
which impinges on them, and absorb the remainder, 
— the portions which they absorb raising their 
temperature. 

Surfaces also possess the power of reflecting heat 
in different degrees. They reflect a greater or less 
portion of the heat incident on them, absorbing the 
^remainder. The power of transmission, absorption. 



and reflection, vary according to the nature of the 
body and Gtate of its surface, with lespect to 
Bmoothness, roughness, and colour. 

Rays of heat, like those of light, are differently 
refrangible, and the average refmngibility of calo- 
rific rays is less than that of luminous rays. 

Conduction. When a body at a high teiuperatur^ 
as the flame of a lamp or fire, ie placed in contact 
with tlic surface of a solid, the partides immediately 
in contact with the source of heat receive an ele- 
vated temperature. These communicate heat to the 
contiguous particles, and these again to particles 
more remote. Thus the bcreased temperature is 
gradually transmitted tlirough the dimensions of 
the body, until the whole mass in contact with the 
source of heat has attained the temperature of the 
body in contact with it. 

Different Eubstances exhibit different degrees of 
fncility in transmitting heat through their dimen- 
sions in this manner. In some tlie temperature 
spreads with rapidity, and an equilibrium is soon 
established between the body receiving heat and 
the body imparting it. Such substances are said to 
be good condticlori of heat. Metals in general are 
instances of this. Earths and woods are bad con- 
ductors ; and soft, porous, or spungy substances, still 



RELATIONS OF HEAT AND LIGHT. 

(CHAPTERS JtlV. XV.) 

Ineandesctnce. When the temperature of a body 
bu been raised to a certain extent, by the applies- 
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tinn of any source of lieat, it 18 observed to become 
luminous, bo as to be visible in tlic absence of other 
light, and to render objects around it visible. Thus, 
a piece nf iron, by the application of heat, will at 
first emit a dull red light, and will become more 
luminous as its temperature is raised, until the red 
light is converted to a clear white one, and the iron 
is said to be white-hot. This process, by which a 
body becomes luminous by the increase of its tem- 
perature, is called incandescence. 

There is reason to believe that all bodies begin to 
be luminous when heated at tlie same temperature. 

The degree of beat of incandescent bodies is dis- 
tinguished by their colour ; the lowest incandescent 
heat is a red beat ; next the orange heat, the yellow 
heat, and the greatest a white heat. 

Tlie heating power of rays of light varies with 
their colour ; in general, those of the lightest colour 
having the moat heating power. Thus, yellow light 
has a greater calorific power than green, and green 
than blue. 

Hence the absorption of beat from the same light 

depends on the colour of the absorbing bodies. 

e of a dark colour absorb more heat than those 

light colour, because the former reflect the 

least calorific rays, while the latter reflect the most 

calorific rays. 

Comhnstion. There are several substances which 

len heated to a certain temperature acquire a 
strong aflinity for oxygen gas ; and when this eleva- 
tion of temperature takes place in an atmosphere of 
oxygen, or in ordinary atmospheric air, the oxygen 
r^dly combines with the heated body, and in flw 
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combination so ^eat a quantity of heat is evolved 
that light and flame are produced. Tills process is 
called combustion. Combustion is therefore a sud- 
den chemical combination of some substance with 
oicygeti, attended by the evolution of heat and tight. 
The flame of a candle or lamp ia an instance of this. 
The substance in the nick having its temperature 
raised in the first instance by the apphcation of 
heat, forma a rapid combination with the oxygen 
of the atmosphere, and this combination is attended 
with the evolution of heat which sustains the pro- 
ce)» of combustion. 

Rame is therefore gaseous matter rendered so 
hot as to be luminous. There are a few other sub- 
stanccB besides oxygen, by combination with which 
light and heat may be evolved, and which may there- 
fore produce combustion. These are the substances 
called in chemistry, Chlorine, Iodine, and Bromine ; 
but as they are cot of common occurrence, tlie 
phenomenon of combustion attending them may be 
r^arded rather as a subject of scientific enquiry 
tlun of practical occurrence. All ordinary cases of 
combustion are examples cf the combioation of oxy- 
gen with B combustible. 
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SENSATION OF HEAT. 



8 which are the first means by which 

#• leam the presence of heat, are the most 
tuccurate means of estimating its quantity. An 
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object fitU warm, when it iniparta heat to us 
toucliiiig it ; and one object feels wanner than an- 
other, when it imparts heat with mnre abundance or 
rapidity. On the other hand, an object ^^eb cold, 
when it abstracts heat irom us on touching it; and 
one object feels colder than another, when it ^»- 
tracts more heat on being touched. 

Whatever imparts heut to us must have a highei 
temperature than our bodies, and whatever abstracB 
heat must have a lower temperature. Hence die 
sensation of heat or cold is relative to the temper- 
ature of tlie human body, and not dependent on tlie 
absolute temperature of the body which we touch. 

But a good conductor of heat at the same tem- 
perature will impart heat more ireely, and abstract 
it more abundantly and rapidly, than a bad con- 
ductor. Hence a good conductor will feel hotter 
or colder than a bad conductor, though their actual 
temperatures be the same. A multitude of wrong 
notions respecting the temperature of objects which 
we touch arises from these circumstances. 



SOURCES OF HEAT. — THEORIES OF 
HEAT. 

(chapters XVII. XVIII.) 

The sources from which heat are derived are the 
following : — 

I. Solar Light. 

II. Electricity. 

in. The Condensation of Vapour, and Solidifica- 
tion of Liquids. 
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IV. Percussion, Compression, and Friction, 
v. Chemical Combination. 
YI. Animal Life. 

Two theories have been proposed respecting the 
nature of heat. 

1. Heat is regarded as an extremely subtle fluid 
which pervades all space, entering into combination 
in various proportions and quantities with bodies, 
and producing by this combination the effects of 
expansion, fluidity, vaporisation, and all the other 
phenomena. 

2. Heat is regarded as the effects of a certain 
▼ibration or oscillation produced either in the con^ 
stituent molecules of bodies, or in a subtle impon- 
derable fluid which pervades them. 




which solid bodies un<!ergo when theii temperature ii 
changed, is attended with peculiar difficulties. One of 
the principal of these impedimenta arises from the ex- 
treme minuteness of the change of bulk which matter 
in the BoLd form suffers even from extreme change of 
temperature. Of all solid bodies, metals are the matt 
■uBcepCible of expansion ; and the most expansive of ^ 
metals in the solid slate is iead. If a piece of lead at 
the tempcrBture of melting ice be accurately tneanired, 
and then be raised to the temperature of boiling water, 
it will undergo an increase of bulk, but this increau 
will not exceed the S^Oth part of its original magnitude ; 
that is to say, if a piece of lead plunged in melting ice 
measure 350 solid inches, the same mass, when raised 
to the temperature of boiling water, will measure 351 
solid inches, or thereabouts ; ita bulk being thas increased 
one part in 350, hj a change of temperature amountii^ 
to 180° of the common thermometer. But even thia 
expansion, small as it is, is considerably greater than 
that of most other EubEtancea. A piece of iron under 
similar circumstances would receive an increase of 
hulk amounting to not more than one part in BOO, and 
glaas to one part in 1000. 

A solid, when expanded by heat, provided all parls 
of it sustain the same change of temperature, will ma' 
tainitafigure; thatiB,itwitlnotbemoreexpandedini 
one of ila dimensions than in any other, but each wiU 
be increased in the same proportion. If a bar of metal 
be heated until its jellgtll is increased by a thausandth 
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Mit, its breadth and thicloiesa nill each be at the same 
inte increased by a thousandth part. From these cir- 
umstances arises another source of practical difficulty. 
The expansion of the whole hulk, small as it is, not 
iking place in any one dimension, hut being distributed 
mong the length, breadth, and thickness, a piopor- 
ionally small cfFect will be produced in each dimen- 
ton. If the whole expansion of a bar of lead took 
ilace in the direction of its length, then its length 
rould be increased by one part in 350, as already ex- 
ilained, because then the increase of hulk would be 
aoportional to the increase of length. But since, at 
be same time that the length is increased by expansion, 
he breadth and thickness are also increased, the increase 
if length must be less than one part in 350 ; this one 
art by which the whole bulk is increased being dis. 
ribuled in the ilirection of the length, breadth, and 
hickness. The most obvious practical method of as- 
ertaining the increase of magnitude which a solid 
eceives by expansion, is by measuring the increase 
ihicb some one of its dimensions receives. It is, there- 
'ore, necessary to establish a rule by which, when the 
neresse or variation of any one dimension has been 
iseertained, the increase or variation of the whole bulk 
B*y be computed. Owing to the extreme minuteness 
)f the increase of bulk which solids receive from in- 
Erease of temperature, a very simple practical rule may 
K eatablisbed. 

Let us suppose a piece of metal to have the form of 
I cube; that is, a figure hav- J'W- 1 • 

log six square faces placed 
U right angles to each other 
u represented in _fig. 1. 
irhere A B C D represents 
ihe ujiiare base. A' B' C D' 
the square top, and A A', 
BB', CC, and DD' the 
Cna perpendiimlar edges of 
the iguare sides. 






I 

I 



30 

flftt piece of metal, one hundredth of an inch thick, and 
equal in magnitude to the square side of the cube, be 
laid upon the side B B' C C ; the cube will thua be 
come longer in the direction A B by the hundredth of 
an inch ; and if we suppose the side of Che cube A B to 
be one inch, then the addition of this plate will io' 
crease the absolute bulk of the solid by one hundreddi 
part of its original dimensions. Now suppose two other 
plates, each one hundredth of an inch in thickness, W 
be laid upon the side A A' B B', and the lop A'B' C D' ; 
then the height and thickness of the cube will alu 
be increased by the hundredth of an inch, and the 
absolute bulk of the solid will be increased by three 
hundredth parts of its original dimensions ; each of the 
three plates being, as before stated, one hundredth part of 
itsoriginal magnitude. The figure will thus, in fact,be 
converted into another cube, the edges of which wiQ 
exceed the former in length by the hundredth part of 
an inch ; with a defect o/figiire arising from three smali 
angular ridges in the edges ^fg_ ^ 



I' C, : 
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three plates it extremely ^ 
minute in comparison witb 
the magnitude of the cube, 
the incompleteness of the 
increased figure ariiing from 
diese angular ridgea is so 
insignificant that no practical A 
error will arise from considering the enlarged cube as a 
complete figure, as it would be if the angular ridges were 
filled up. It will therefore follow, that to increase the 
cube by the one hundredth of an inch in the length of 
its aide will require the addition of three plates, each 
equal to an hundredth of the original bulk, and there- 
fore the small increase in the edge of the cube will pro- 
duce an increasi! of three times that amount in its bulk. 
What has been here ptQ"ied lesijcttitig a cube, ii 
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e^uUy true of a solid of any other forai ; and con- 
•cquentty we may infer generaUy, that if a dimensioD of 
taj Holid receives a very small increase (the solid pre- 
KTviiig its figure), ics bulk will receive an increase 
unouncing to three timea this increase in its dimension. 
Thus, if a metal bar, being raised from the temperature 
of melting ice to that of boiling water, receive an in- 
neue of length amounting to 1 part in 1200, then 
il> bulk will receive an increase amounting to 3 parU 
Ul 1300, or to 1 part in 400. 

'.I is proper lo obierve here, that thf rule just esta- 
Uished will only be applicable in cases where the in. 
oeue of bulk is extremely minute, for otherwise tlie 
inguiar ridges alluded to in the edp;es of the incotn. 
plete cube might amount to a magnitude which would 
produce a sensible and important effect upon the results. 

To estabUsh the mere fact, that solid bodies suffer 



le of temperature, is. 
e with accuracy the 
Fig. a. 



Ul increase of volume by an iuc 

u easy, as it is difficult Co mei 

lUB of that increase. Let 

CD (Jtff.3.) be a cylindrical 

Kid of brass, fumislii^d Viith 

illandle. A; and let B bp a 

lu plate, pierced with a hole, 

intowhjdi the rodC Desacily 

fita, and having a notch in its 

lide correBponding to the length 

of the same rod C D. Wiien 

the pJate B and the cyliniler 

CD have the same ttmper. 

■Cure, the end of the cylinder 

will exactly fit the circular 

bole, and its length will correspond to the lengcli 

of the notch. Let the cylinder C D be now heated in 

4e fire until it attains a considerably elevated lemper- 

«Bre. It will be found that the hole will be too small 

to »dmit its entrance, and that its length will be so 

much increased, tliat it will not fit in the notch. But 

If the bar be plunged in cold water, and reduceA to 




' &e temperiCure of the surrounding air, its dimeaaiaDi 
vill be reduced to tbeir former magnitude, auil ihi 
hole aud the notch will then be found, as before, lo 
correspond with the length and eection of the rod. Or, 
if the plate B be raised to the same temperature as the 
rod, the metal camjiosiiiji; it will expHncI, su that the 
hole will be enlarged snfficiently to admit the rod, and 
the notch will likewise be found to correspond lo the 
length of the rod. 

We shall have occasion hereafter to notice numertoi 
I &ct8 which verify the same principles ; but our pte. 
\ lent purpose is to explain those means whereby the rate 
M which the expansion of bolids proceeds may be ascer- 
tained. 

The most obvious means hy which small changes in 
magnitude may be measured, is by causing the body, 
whose magnitude is eo changed, to act upon some piece 
of mechanism which is capable of communicating a 
I etmsiderable motion to one part, by a very Email motion 
[.j^vento another. Various combinations of wheel-work 
and levers have this property ; and by such means ttaj 
motion, however small, may be ultimately mitgnifled to 
any extent, however great. If such a piece of mecha- 
nism were aa perfe{^ in practice as it is in theory, a 
Bmall motion communicated to one part of it would be 
increased in an exact and known numerical proportion, 
and might be observed with the greatest ease and preci- 
sion. Thus, in a combination of levers acting upon one 
another in the manner of a compound lever ', each 
longer arm of one lever moving the shorter arm of the 
next, a small motion imparted to the shorter arm of the 
first will communicate a considerable motion to tl)e 
■m of the last ; and the exact proportion of 
J diese two monons may be computed when the lengths 
L 'Of the several levers are known. But, however perfect 
■in theory such a piece of mechanism may be, it would 
■fbe utterly inexact in practice. The parts of the ma. 
vtsbineryj in their construction and adjustment, are sub- 
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ject to inevitable imperfections, which would become 
sources of error bo extensive, na to render the inEtra. 
ment incaptible of being applied to measurements so 
delicate as those which are necessary for the deter. 
mination of the rate of expansion of solid bodies by 
beat. In proportion to the complexity of the apparatus, 
the causes of such imperfections will be multiplied. 

But besides these, there is another difficulty against 
which we have to contend, of even a more formidable 
character. It is almost impossible to prevent the change 
of temperature in the substances whose expansion is 
under examination, from extending to the apparatus by 
which this expansion is measured. The dimensions and 
relative proportions of these thus become disturbed, and 
consequently the indications are rendered uncertain. 

For these reasons, such pieces of mechanism, although 
diey aim continue to be used, must be regarded rather 
•s instnimenis for exhibiting, in a conspicuous manner, 
the general fact, thai solids do expand when heated, and 
contract when cooled, than as efficient means of measur' 
ing the exact race and amount of such expansion. 

The following simple apparatus, used in the porcelain 
manufactory at Sevres *, for the purpi 
the beat of furnaces, will sufficiently 
illustrate the nature of the instru- 
inentB just alluded to, and will 
render some of their imperfections 
more inteUigible. F F is a fixed 
plate, on which the extremity B 
of the metaUic bar B B' rests. 
The other extremity B' is placed 
in contact with the shorter arm L 
of the lever, whose fulcrum is at C. 
The extremity L' of the longer arm 
plays upon a graduated arch D D'. 
When the bar B B' dilates, the ob- 
ilacle F F' resisting the extremity 
B, the arm L is pressed upwards by the extremity 
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3'j And the index L' ia muved on the scale towards P'. 
On the other hand, if tile bat contracts, the estremity L , 
f^Us by the preponderance of the arm C L, and the 
index moves on the Ei^ale Uvrards D. It is pliiin that 
any motion in L will produce a motion iti L', Increased 
in the proportion in which the arm C L' is greater than 
the arm C L. Thus, if C L' be ten times the length of 
C L, then a motion of the hundredth of un inch in L. 
corresponding to an increase in ihe lengtli of the bar 
amounting to the hundredth of an inch, will cause the 
point L' to move through the tenth of an inch upon the 
scale D v. 

If the extremity L', instead of moving on the gradu. 
Ated scale, acted on the shorter arm of a similar lever 
in the same manner as the bar B B' acts on tlie tana 
C L, then the motion of L' would be increaseil aa moch 
more by the second lever as the motion of L is'in- 
creased by the Aral. If the first were in a tenfold pr*- 
portion, the second lever wotdd increase that la k 
nundredfold proportion. In this case an cx)iansiDO ot 
the bar, amounting to the hundieilth of an inch, would 
cause the longer arm of the second lever to move trtei 
one inch of the graduated scale. 

That the indications of the instrument here described 
should be exact, it would be indispensably necessary that 
the obstacle F F' which supports the bar, and the pivot 

centre C on which the lever turns, should be absolutely 

fixed and immutable in their relative position. In 

practice, however, these must be connected by some 

frame- work farmed of solid ntatler ; and the same souroa' 

of heat which causes a change of temperature in the bar 

^"B B', cannot fail to produce a Uke effect upon ihis^me- 

Tork. In fact, it must participate in a greater or leas 

the vicissitudes of temperature Incident IA the 

bar B B' ; and as it is ausceptihle of expansion, like all 

other folid matter, the position of the pivot C relative 

plate F y cannot fail to be disturbed. The 

effect produced, therefore, on the arm L'. L, will be of 

mixed nature, arising pardy from the expansion of the 
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bar B B', and partly from the espansion of the frame- 
wnrk aupportiog the pUte F F' and pivot C, We 
tlloiUcl not in this C8Ee be warranted in altributini; the 
motion of the index solelj to the expaneion of the bar, 
nor could we allow for the part of the effect produced 
by the expansion of the frame, unless we were acquainted 
with the laws whieh regulate the expansion of Bolida, 
which are the very sulgect for the invcadgation of which 
this instrument is designed- 

Although cheie objections cannot be altogether re- 
moved, yet tliey may be in a great degree diminished, 
and so far removed that the result may approximate 
sufficiently near the truth to serve many of the pur- 
poses of philosophical enquiry. To accomplish this, it 
ii necessary first to construct the plale FF', and the 
pillsr which sustains the pivot C, of a material which 
is a very slow conducter of heat, and not highly sus. 
eeptible of expansion. In these respects glass oSen the 
greatest advantages ; it receives heat from a body ii) 
contact with it very slowly, and tt^ expansibihty is less 
than that of most other solids. 

The roost perfect apparatus which has been con- 
structed for determining tile dilatation of solid bodies, 
is that which was used in a series of experiments in- 
stituted by the celebrated Lavoisier and Laplace. The 
solid whose dilatation was sought was formed into a bar 
BB'(^.5.), the length of which was considerable 
compared with its thickness. This was placed in a 
horizoDtal position, supported by two giasa cylinders, 3 y, 
placed in a direction at right angles to the bar; one 
extremity B of the bar was placed against the edge of 
the plate of glass F, tirmly lixed in its position by being' 
connected with blocks of solid masonry M M'. The 
otb^ extremity B' was placed in contact with the edge 
of 3 similar glass plate C L, which formed one arm of 
1 lever turning on a pivot at C. The other arm of this 
lever was placed in contact with a telescope 00', which 
turned on u pivot or axis at a. This telescope was di- 
rected to an object placed at a great distance, so that a 
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very small change in its direction, by being turned m 
the pivot u, would pioduce a coiiBiderable chaiige in tb 




point of the object which would be seen in the middle 
of its field of view. 

Matters being thuE arranged, when the bar B fi' ii 
dilated, the fixed plate F, resisting its elongation on tlul 
side, its entire dilatation will take place in the dlrectioD 
B B', and wiU act upon the edge of the glass plate st L. 
Thia motion being communicated by the lever to L', 
will ruae the extremity O' of the telescope, and will de- 
press the extremity 0. Thus, a person looking at a dis- 
tant object tlmn^h the telescope will perceive the centre 
of the field of view directed to a lower point upon it. 
NoW] the dietance of the object and its magnitude being 
exactly known, the motion of the telescope which pro- 
duces aJiy observed change of direction is a matter of 
easy computation and we are hence able to deduce the 
motion whhhgasp Lm rom the 

extremity h b B 

The ne sub wh h d m d is the 

method of h g h bar 
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perature, for otherwise no useful inference could be 
made. The only method of effecting this is to plunge 
the bar in a. liquid heated to an equal temperature hy 
the application of flamej for the immersion of llie bar 
in burning fuel would not conmiunicate heat uniformly 
to all parts of the metal. It is also esKential that the 
position of the bar should be horizontal, because it will 
hereafter appear, that when a liquid is heated, the tem- 
perature of strata, at different depths will be difierent. 
Two thermometers plunged in a heated liquid, one to a 
■mftll and the other to a great depth, will show different 
temperatures. Hence, ihatevcry part of the bar shall be 
equaUy healed, it is necessary that every part of it should 
be at the same depth in the liquid, and therefore that 
its position should be exactly horizontal. Let a trough, 
GH, then, containing the liquid, and of sufficient di- 
meniionB to allow of the immersion of tlie bar, be placed 
under it, and let the bar be immersed in it ; and at the 
same time let a thermometer be immersed to the same 
depth, and Ukewise placed in a horizontal position. The 
thermometer will thus indicate the temperature of the 
bar, and at the same time the telescope will indicate by 
its direction the corresponding change of magtiitutle 
which the bar imdergoes. 

By auch an apjiaratua, LavolEiet and Laplace insti- 
tuted a most valuable serieE of experiments on the dila. 
tation of sohds by beat : the details of ibeir enquiry 
Would be unsuitable to the present treatise, biit it is 
proper to state two important conclusiona wtiich fol- 
lowed from the results, of their experiments. 

1st. Atl solid boilies nhalever, being gradually heated 
from the temperature of melting ice to that of boiling 
water, and then gradually coaled from the temperature 
of boiling water to thai of melting ice, will be found to 
have exactly the same dimeQsions, at the same tetnper- 
■tUK, during the processes of heating and cooling ; the 
gradual diminution of bulk in cooling corresponding 
esactly with the grailual increase of built in heating. 

Sd. Glass and metalhc ba<lies, gradually heated from 
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the tempernture al' melting ice Ut that of bdliDg vtiet, 
undergo degn^e of expansion proportional (o itaoteof 
mercury U the same temperature ; that 19 to say, be- 
tween the limits just mentioned, the expansion of the 
wild corresponding to two degrees of the thermomela 
is twice the expansion which corresponds to one degne; 
the expansion which corresponds to three degree! ii 
three tiroes the expansion which corresponds to one 
d^ree, and so on ; the quantity of expansion being 
multiplied in the same proportion as the number of de- 
grees through which the thermometer has risen ia mul- 
tiplied. 

We are not, however, to infer from this, that the 
dilatation of metats is uniform ; that is, that they suffer, 
tinder all circumstances, equal changes of bulk by equal 
quantities of heat applied to them. The following would 
be the teat of uniform dilatation : — Let tlie quantity 
of heat which would cause a certain increase of volume 
be ascertained, and then let the same quantity be suc- 
oesBiTely and continually applied ; if the incrementa of 
volume after each application be found equal, then the 
rate of dilatation is uniform. But the results obtained 
in the experiments of Lavoisier and Laplace would not 
warrant this conclusion, unleiis it were first proved that 
the dilatation of mercury was uniform within those limits 
of temperature to which the experiments were confined. 
It is, however, a very remarliahle fact, that glass and 
metals have the same law of dilatation as mercury. 
Whatever want of uniformity prevails in the one, alao 
prevails in a similar way in the other. 

A. ong the metals, a singular exception to this law of 
uniform expansion presents itself. Tempered steel wm 
found continually to decrease in dilatability, as its tem- 
perature was raised from S^'' to 150°. The following 
explanation of this exception is given by the philo- 
sophers already mentioned : — Former experiments hid 
proved that tempered steel is more dilatable than un- 
tempered steel. It was also known that steel is de- 
prived of its temper by the process of annealing, and 
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that it Tet'jms in that process to tiie elate of steel un. 
tempered. It is therefore probable, that the steel which 
has been tempered by cold water □ndergoes the cora- 
ntencement of the process of anne&llng when it is heated 
to the temperature of ]50°, It would, therefore, gra- 
dually losa, in ihe water by which it is warmed, a pait 
of its dilalability, and resimiie that degree of di Stability 
proper to untempered steel- 
It appears, from the above reasoning, that the case 
of steel is an apparent rather than a real exception to 
the law ; for tlie law applies strictly to, a bod; which 
icmains in the same Etate in all respects except its tern, 
perature. But the change effected in the temperature 
of tempered steel is here proved to produce a change in 
its nature, by converting it into untempered steel. • 

A still more remarkable exception to the law of ex- 
pansion is furnished by the alloy called Rose's fusible 
metal. This compound is composed of bismuth, lead, 
and tin, in the proportion of one part by weight of each 
of the last two, to two parts of the first : this alloy melts 
at the temperature of 900^°. A series of experiments, 
to vhich this was submitted by Ermati, showed that ins 
specific gravity was a maximum at the temperature of 
1551", and a minimum at the temperature of 1I0|^ 
Aa the temperature was raised from that of melting ice 
to 110(°, the metal was observed to expand nearly 
unifoTmly with the increase of temperature : tills e\- ' 
pansion, however, ceBseil at 11DJ(°; and, aa the tem- 
perature was raised from that point to 1 55|°, the metal 
underwent a constant contraction : this contraction was 
at first rapid, but ita rate diminished as the temperatitfe 
^preached the limit of 153^°, and there the contraction 
ceased. By the continued application of heat, a further 
increase of temperature caused the metal again to dilate, 
which it did slowly at first, but more rapidly aa it ap- 
proached the point of fusion. The specific gravity of 
the metal at 1781° was nearly equal to its specific 
gravity at the temperature of melting ice. 

These experiments are detailed in the Annaks df 
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Cbintie et de Phytique, vol. li. p. IP7- Some wlutioa 
to this lingular exception nsy perhaps be discovered, 
I^ examintDg minnCely the expansibility wjtli the cor. 
responding temperature of its constituent parts, and 
comparing them with tile expansibility of the compound. 

The result of the reasoning and experiments explained 
in the present chapter, shows that the solid bodies bj 
which we are surroiuiJed are contlnuaUy undergoing 
clianges of bulk nith all tbe vicissitudes of temperature 
to which they are exposed. When the weather is ceol, 
they shrink and contract their dimensions. On the 
other hand, when the temperature of the weather in- 
creases, their dimensions become enlarged ; and theie 
effects take place in different degrees in bodies composed 
of different materials. Thus, one metal will expand 
and contract more tlian another, and metals in general 
will expand and contract more than other solids. 

If hot water be poured into a glass with a round 
bottom, the expansion produced by the heat of the watei 
will cauge the bottom of the glass to enlarge, while the 
sides, which are not healed, retain their former dimen- 
siona ; and, consequently, if the heat be sufiBciently 
intense, the bottom will be farced from the sides, and 
a cra«k or flaw will Burround that part of the glass by 
which the sides are united with the bottom. Ifj how- 
ever, the glass be previously washed with a little warm 
water, so that the whole is gradually heated, and, there- 
fore, gruilually expanded, dien the hot water may be 
poured in without danger ; because, although the bottom 
will expand as before, yet the sides also enlace, and the 
whole vessel undergoes a similar change of bulk. 

When the stopper of a decanter becomes fixed in it 
so tight that it cannot be removed without danger of 
fracture, it may be removed by a method derived front 
the property of expansion here explained. Let a cloth 
dippe<l in hot water be wrapped round the neck of dw 
decanter so as to heat the glass of the neck; it will 
ixpand] and increase its dimensions ; meanwhile, the 
lieaC not having reached the stopper, it will retain its 
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former lUmensions, ant), consequeDtly, will became loose 
in the decaliter, and may be easily witlidrawii. If the 
neck of the decanter be thick ic will be necessary to 
nudnUin the ap)>Ucatiun of hast to it far a considerable 
time to accomplish this, because, as will be seen here- 
after, heat |ieiietrate9 glass very slowly. 

VatB, tubs, barrels, and similar vessels, formed of 
slaves of wooil, are bound together by iron hoops which 
aurroiuid them. If these hoops be put upon the vessel 
when highly heated, and then be cooled, they will con- 
tract so as to draw together die staves witli irresistible 

The same method is used to fasten the tires on the 
wheels of carriages. The hoop of iron by which the 
wheel is surrounded, is so constructed as exactly to fit 
the wheel when it is nearly r»i-hot. In this state it 
is placed on the wheel, and then cooled ; it undergoes a 
nidden contraction, and thus strongly binds the fellies 
upon the spokes. 

When ornamental furniture is inlaid with metal, 
care should be taken to provide some means for allow- 
ing the metal to expand, since its dilatability is consi- 
d^bly greater than that of the wood in which it is 
inlaid. Inattention to this circumstance frequently 
causes the inlaid metai to start from its seat, and this 
is particularly the case when it is inlaid upon a curved 
surface, such as the back of a chair. The metal, being 
more dilatable than the wood, becomes, in a warm 
room, too large for the seat in which it is inserted, and 
therefore itarta out. 

In the systeins of metallic pipes by which water is 
condiicted to great distances for the supply of towns, 
BDd other similar purposes, the changes of temperature 
at different seasons of the year cause the lengths of the 
pipes to undergo such a change, that it is necessary to 
place, at certain points along the line, pipes so constructed 
that ihey are capable of sUding one within another, in 
s manner similar to the joints of a telescope, in order 
to yield to the effecle of these aiCemate c 
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ditatations. If this provision were not msde, the serin 
of pipes would neceasarily break by the force with wMth 
it would contract or expanii. Similar means are used 
far the saine purpose in oil j^raat structures of iron, ndi 
as bridges, and are called eoiiipeimatort. 

Ail measurements of length are made by the snc- 
cegdve application of Eolid bodies of known magnitude 
to the space to l>e measured. Now, as it has been wen 
that all solid bodies are liable to a chiTige of magnitude 
with every change of temperature, it would follow thd 
the solid body which is used as a standard measure will 
be at one time larger and at another time smaller, and 
therefore, that its results will be attended with erron 
proportional to the change of magnitude to which ilil 
liaUe by the vicissitudes of temperature. For or^nirf 
domestic or commercial purposes, this change is so eduU 
as to be altogether disregarded, but in cases where very 
great accuracy is requirecl, such, for example, as the mea- 
surement of bases in great surveys, or in the construe, 
tion of national standards of measure, it becomes of 
importance either to guard againitl this error, or, what 

In great surveys, bases are measured usually by wry 
accurately formed rods of metal. These being hi^y 
susceptible of expansion and contraction by change <rf 
temperature, it is necessary to <letermine exactly theit 
temperature at the moment of each observation, in order 
to be able to compute the length of ibe base; bat 
to ascertain their temperature in these 
would lie attended with difficulties almost 
able. The changes of temperature of the air which 
surrounds them are not instantaneously communicatei 
to the bars, and even in approachitig them to observe (he 
causes may affect them which it 
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would he impossible 

In the operation 

meridian in Franct 



by which the great arc of the 
trance was measured, a very ingenious 
as resorted to by Borda, by which the 
converted into a thermometer. A bar of 



jilatinura, P P' (^fig 6.), was united at one extremity with 
a rod of brass, it B', ol' nearly equal length. With 
the exception of the point B, where the rods were con. 
necCed al one extremity; they were in dl other respects 
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npamte. Mid free to move one upon the other. Near 
the extremity P' of the platinum rod, and immedi- 
rtely under the extremity B' of the brass rod, a rery 
exact scale was maile, the divisions of which marked 
the millionth part of the whole length of the rod. 
The extremity B' of the brass tod, carried a vernier', 
iriiich moved on this acale, and by which minute frac- 
tioiu of a division might be ascertained. A microscope, 
H, W«a placed orer the vernier, througli which the divi- 
dona were seen magnified. 

If the braai and platinum rods were equally dilatable, 
it !b plain that the extremity B' would dways point to 
die same division of the scale, whatever change of tem- 
perature the rod might undergo ; for since their length 
may be considered as equal, their difference being in- 
conriderable when compateil with the whole length, it 
would follow, that whatever increase of length either 
would receive by a given change of temperature, the 
other would necessarily receive the same increase. 
Thus, if by the expansion of the brass bar the vernier 
«d»anced towards P' through a space equal to the tenth 
of an inch, the extremity P', and each division of the 
scale, would necessarily advance through the same space, 
since the rod P P' would be aa much dilated as B B'. 
But this is not the case. Brass being more dilatable 
than [datinum, the vernier is moved towarda P', by the 
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espansion of the brass bar, through a greater space Chin 
that through which the divisions of the scale are moved 
hy the expansion of the platinum bar. Hence the 
vernier mill be advanced on the scale ihrough a spaw 
equal to the difference of the expansionH of the two 



To gradoate this inatniment, the bars were first inu 
mersed horizontaUy in a trough of melting ice, and re- 
duced to the ti^mperature of 32°. The positioD of the 
vernier was then marked. The bars were now trant- 
ferred to a troiigh of boiling water at the temperature 
of 212°, and being raised to that temperature, the posi- 
tion of the vernier was again marked ; the interval be- 
tween these two positions expressed the difference of 
the expansions between the temperature of melUngiee 
and boiling water, or by an increase of heat amounting 
to 180". If, then, the interval between the two diriaiooi 
thus determined be divided into ISO equal parts, eacb 
part will corresponil to one degree of the thermomelel, 
and the position of the vernier will always accurUctj 
indicate the temperature of the bars. If the inlerv^ 
be divided into 36 equal parts, each division woolil 
correspond to 5° of the thermometer ; and the into. 
mediate degrees may be estimated by the veroiec and 
microscope. 

By this very ingenious contrivance, the measure ii 
made always to declare its own temperature, and at tlx 
same time to indicate the change of length which it 
unilergoes by this change of temperature. 

The instruments used for measuring time are eillier 
B pendulum or a lialanix wheel; the one being any heavy 
body, poised upon a point, and permitted to swing aU 
temately from side to side by its weight ; the oAa 
a metaUic wheel, usually balanced upon a pivot, and 
connected with a fine spiral hair spring, by the action 
of which the wheel is driven alternately in oppocite 
directions. These are, in fact, the only parts of clocka 
uid watches which are essential to 
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time ; the other parts being either eonstructeil with a 
view to regitler aud indifale the motion of these, or to 
rtgvlale and maintain it. The property, in virtue of 
which the vibrations of pendulums are applied in the 
measurement of time, has heen explained in our Trea- 
tise on MechanicB ', aod its details would be out of 
place in the present volume. It will be sutBcient for 
OUT purpose to state, that the more distant the mass of 
the pendulum is from its axis, the slower will be ita 
rate of vibration; and consequently any cause which in- 
creaaes the distance of this mass, or any part of it, tiom 
the point of suspension, will cause the rate of the clock 
to be Blower; and any cause which brings it nearer to 
the point of suspension will cause the rate of the clock 
to be faster. Various circumstances^ which it is not 
Deceaaary here to notice particularly, have rendered it 
Convenient to construct pendulums of metal. They are, 
therefore, highly susceptible of expansion and contrac- 
tion by heal. If the temperature of the pendulum be 
nised, its dilatation will evidently remove its mass 
fOrtbei from the point of suspension, and wiU cause its 
nte of vibration to be slower; while the diminution of 
(emperature will be attended with the contrary effect. 
Tfana it woilld follow, that with every change of weather 
the rate of the clock would vary. 

In hke manner, the swinging motion which the ba. 
Unce wheel of a watch receives from the hair spring, 
which impels il, depends on the distance of tlie metal 
foiming the rim of the wheel from its centre. If this 
diilsnce be increased, the spring acts with less advoiu 
tige on the mass of the wheel, and therefore moves it 
more slowly; and if it be diminished, for a similar 
rewon it moves it more quickly. It follows, therefore, 
that when a wheel expands by increased temperature, 
the rate of vibration will be diminished ; and when it 
s by diminished temperature, the rate of vibra- 

1 will be increased. Thus a watch, for the same 
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leuon, will floctiute in 
change of tempenture. 

Many ingenious ci 
remove these imperfections. 
«oniE of the most remarkiible. 

Let G {fig. T-) be the disc oi 
of a pendulum, of which 8 ' 
of wspension. Let a rod, S Fj be attached 
to a steel frame, ABCD; and tet us first 
suppose that the rod L, which suetains G, 
is attached to the frame C D at H. It is 
evident that every change of temperature 
which causes llie frame A B C D to ex~ 

lie distance of the pendulous mass G from 
the point of BUapension S, and will, there, 
fore, cause a change in (he rale of vibra- 
tion. Let us Dow suppose that another 
iVame, of different metal, be attached to the aom piecr 
C nt c d, and that the perpendicular rodi e a and d 6 
be connected above by a cross piece a b, from whidi 
at T the disc G is suspended by a rod, T L, passing tieAj 
through a hole at H. If the temperature of the iiutni- < 
ment thus constructed be raised, the bars AC and B ]> 
being dilated will increase the distance of the crow pine 
C D from the point of Euspension S, and will thus banc ■ 
tendency to increase the dietance of the mass of die pOh 
dulum ftom that point. But at the same time tliat AC 
is enlarged, e a will also be enlarged by expansion, uil 
consequently, while the cross piece C D is lowered wtt 
respect to S, the cross piece a b will be rused with rtJ 
^ct to C D; that is, ita distance from C D will be 
increased. Now, if the distance of a b from C D woe 
increased by as much as the distance of C D from S 
was increased, then the diatance of a h from S wonU 
remain unchanged ; and, in general, it will he obvious 
that the change of the distance of « 6 from S will be 
equal to the ilifferetice between the increase of the dis- 
e of C D from S, and of a 6 from C D. 
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icmse of temperature which expands the 
of the apparatus will expand the rod T L,, 
etefare will increase the distance of G from T. 
stance of G from S h therefore aSbcted by two 
: causes: the expansion of S P, A C, and T L, all 
increase its distance from S, while the expansion 
tends to diminish thai distance. If Uie Inatru- 
an be so constructed, that these two effects shall 
ise each other* then the distance of G from S 
[nun stationary. This obgect will evidently be 
I, if the expansion of e u be equal lo tlie expan^ 
' 8 F, A C, and T L, taken to^'ether. If the metal 
ch a I' is composed be more expansible than 

which S F, A C, and T L are composed, then 
I C, and T L, token together, may uot receive 
icrease of length from the same change of tem. 
e than a r receives. It is, therefore, only neces- 

to select the bars of different metals, and a()just 
ngths, that G shall be as much raised by the ex- 
1 of lliB shorter bar ac, as it is lowered by the 
Ion of the longer but less expansible bars, S F, 
id T L. 

lay happen that the length necessary lo be given 
more expansible bar ac shoulil be greater than 
listent with giving lo the pendulum the form 
nilion represented in Jiff. 1. In that case, the 
ad may be attained by a more complex 
F bars, audi as that repre- Fig. s, 

njfj. 8. Here the rod SF 
e frame A B C D are cnm- 
if the less expansible metal. 
t rests, OB already described, 
me abci, composed of the 
psnsible metal. Again,from 
BUgpended a third frame 
'B' composed of the less ex- 
e metal. Upon this ia an- 
frame c' a' 6' d' composed 
more expansible raetal ; 








It fin a gic«^ ponian of die TesaeL 
BfOoawgamAc mmofBicTcitrTappnMcbfs the punt 
of «wpmwin C ; and that eSeci will take place in ■ 
greUKd^ne.diegieucr die quantity of mercnr; can- 
taatA in the Tcsad B. The quantity laaj, tbocffaK, 
be to tegulaled, diat die ascem of the mercurj in the 
*eMcl will neutrali«e the effects of the ex|tansioii of the 
iwl a A. Such Ie the principle upon which Gniam't 
eompcniiCiim pendulum is consCrucled. 

Thi' following ingenious method of conpensBtion ftr 
fwuhiluma i* uied with considerable success, and le. 
Mrminended by it« elegance and simglicitY : 



Let two plateB of metal of difTerent kinds, A B and 
CD, >iff. 10., of equal length, be placed one iijion the 




other, and firmly connected together b; screws pa&sing 
through them. While they continue to be of that tem- 
perature which they had when thus connected, they will 
maintain tlieir straight form ; but if the temperature be 
ruBed, that metal which i» more expauEible will make 
an effort to sketch, but being bound by the screws, the 
effect will be that the bar will be bent into a curved 
form, as represented in fig. 11., the more expansible 
metal being on the convex side of the curve, and the lesa 
expansible metal on the concave side. If, on the other 
hand, the temperature of the combined bars be ren. 
dered lower than that which they had when they were 
nulled, the more expansible bar contracting in a greater 
degree than the other, the compound bar wiH be bent 
into a curve turned in the opposite directions, as repre. 
sented in Jig. 12., the less expansible bar being now on 
the convex side of tile curve, and the more expansible 
bar on the concave side of it. 

Let us now suppose that such a bar as we have just 
described is attached to the rod of the pendulum at 
right angles to it, as represented in fig. 13., the extre- 
mity of the compound bar carrying heavy knobs M. An 
increase of temperature, by expanding the rod of the 
pendulum, would increase the disUnce of th« mass M, 
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ftem die pmnt of ■uEpenrion ; bnt ibe m 
letuperatiire will bend the compound bu ii 

F<gi-13, 14, 15. 




form, repreBCDCed in fig. 14., bo as to raise the knobs M, 
■nd bring them aentfr to the point of suspensioii. Now, 
■inc« the rate of vibration would be retarded by the in- 
creased distUDCe of L, but accelerated b; the dimiiuabed 
distance froin the knobs M to the point of suspenmou; 
the length of the compound bar, and the relative expind- 
bility of the metals which compose it, may be so r^u- 
bted, that these effects may tieutraliw each other, and 
that the rale of the pendulum will not be changed by 
increase of temperature. 

If, on the contrary, the pendulum contract by dimi- 
nished temperature, the mass L will be moved nearer to 
the point of EUBi)eDBion, and therefore have a tendency 
to accelerate the vibration ; but the same increase of 
temperature will cause the compound bar to be bent in 
the form represented in fig. 15.; the knobs M will 
thus be removed to a greater distance from the point of 
suspension, and will, therefore, have a tendency to retard 
the vibration of the pendulum ; the two effects neutralis- 
ing each other, no change of rale will take place. 

A method of compensation applied to the balanee- 
wlicel of watchesj is founded on the same property. 

8uch a wheel is represented in fig. l6. The combined 
bars are attached to its rim at C, carrying knobi M. 
All increase of temperature, which enlarges the wheel, 
and therefore would retard its motion, causes the bars 
C V to be curved inwards, so aa to bring the knobs M 




nearer the centre of the wheel, producing a conlrary 
effect to th«t of the enlargement i-ig-is. 

of the wheel ilself. In like man- 
ner, if the wheel ecntract bydimi- 
nisbed temperature, the bars C V 
are bent in the contrary direction, 
or are tinbeat, ind tlie knobs re- 
moved further from tJie centre. 
The apparatus may eviilentiy be so 
constructed, that these two effects 
will neutralise each other, and, 
therefore, that the vibration may 
be rendered uniform. 

The eflects wliich vicissitudes of temperature pro- 
dace upon the inslrumeuta used in astronomical observ- 
ations furnish one of the numerous examples of the 
intimate connection which exists between the various 
branches of physical science. The astronomer who is 
ignorant of the effects which a current of cold air, or 
any odicr casual change of temperature, may produce 
on the instrument with which he observes, Iobce one of 
the essential conditions of the usefulness of his observ- 
ations. He is not only unable to record results which 
can be rendered useful to lumsdf, but he is unable lo 
convey to others that information which it is necessary 
they sboidd possess in order to apply to any useful pur- 
pose the observations which lie furnishes. 

Astronomical infitruments are usually constructed 
of metal, in the form of a circular arch, or a whole 
drde. The rim is divided with great :mnuteness and 
accuracy, and it is applied to the measuiement of the 
angular distances of celesdal objects- Such instruments, 
by exposure to changes of temperature, are susceptible 
of expansion and contraction, iu conformity with the 
general laws of dilatation by heat If this expansion o.r 
contraction affect one part of the instrument more or less 
than another, its Hgure will become distorted, and its 
indications will suffer a comesponding error. Thtsi 
effects Ebould, therefore, be yarded against, if pos&ib\£. 
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\>y removing the caubc of unequal temperature, or if thtt 
cannot be accompliihed, at least the fact of the change 
of temperature, and the way it operates, ehould be etrictly 
recorded, together with the obseivationE which have 
been made. 

All metallic Btructures, Euch as bridges, pipes for 
the conveyance of water, gaa, &c., are subject to similar 
efifects, and if the parts of such structures be firmly and 
unalterably united, their unequal expansion may be pro- 
ductive of fracture, in the same manner aaaglasa ia broken 
by hat water acting upon one piirt of it, while the tem- 
perature of another part is unchanged. A remedy for this 
evil is, therefore, provided in such structures by intro- 
ducing, at proper intervals, joints, or other contrivanoes, 
which are capable of yielding. Thus, in a series of 
pipes at certain interv^a, two pieces may be united so 
as to slide one within another, libc the joints of a tele- 
scope. If one part, therefore, expand or contract more 
than another, such a joint will yield, so that the expan- 
tuon will not cause either flexure or fracture of the series. 

There is an apparent exception to the general law of 
the dilatation of solids by heat, in the fact, tliat a certain 
aluminous clay, when raised to a very intense heat by 
means of a furnace, is observed to contract its dimenuont. 
This phenomenon also presents, in another respect, an 
exception to the law. It has been already said, that 
the changes of dimension which a body undergoes in 
heating, will be exactly reversed in cooling ; so that its 
actual dimensions, at any given temperature, in the two 
processes will always l)e the same. In the case juU 
alluded (o, however, it is found that the reduced dimen- 
lioQ produced in the clay by intense heat, is retained 
even wlien the clay is cooled. This, however, is onljr 
an apparent exception to the law of expansion ; and Ae 
fact that the clay does not assume its former dimension* 
when restored to its former temperature proves this. 
The contraction in this case arises from the e^ct of 
ntimalely combined with the clay having been 
3teJ by tltt ardent heat to which it is submitted. 
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combined, probably, 
attxactitm of the constituent parts of the clay being called 
into action by the operation of heat. 'I'he eflecl, in fact, 
belongs not to the class of ordinary expansion by in- 
crease of tempeiatore, since the body, after the change 
of temperature. doe» not consist of the same constituent 
pacts 39 before, and since, probably, its parts are united 
by other chemical agencies different from those which 
previously prevailed among thein. In the art of pottery, 
Rgard isnecessarily had to this effect; for otherwise tha 
design of the potter in the formation of vessels would 
sot be fulfilled, since their size and form in coming out 
of the furnace would be different from that which they 
had when put into it. 

The degree of contraction produced in clay has been 
proposed by Mr. AVeilgewood as a means of indicating 
degrees of lemperature so high as to be beyond the 
range of thermometers. His pyrometer consists of two 
pieces of brass A B, C D, twenty-four inches long, fixed 
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on a brass plate five tenths of an inch asunder, at one 
extremity, BD, and three tenths at the other, AC. The 
diBtance between them gradually diminishes from B to 
A, and as the whole diminution amounts to two tenths 
of aa inch, the diminution of the distance of the bars at 
my intermediate point, such as P, will be the same 
proportion of two tenths of an inch as the distance 
PB t» of the whole length AB. And the distance 
AB being twenty-four inches, or 240 tenths of an 
inch, each tenth of an inch on A U corresponds to 
the 240th part of two tenths, or the 120lh part of the 
tenth of an inch, in the distance between the bar;. 
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a Bin»ll ej- 
e «de, and of such a intg- 
H to it enedj tbe fa^e end BC when baked 
M * bar ud Int. Doe «<~dM9e tjriinders is then 
e «f die fnnwoe, which i 
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1, when 



a diife wiAiB die bars, forthei 
'. If it dide t» die third ditisiDn 
wiQ uDoinit to three limes the 
ISOOth put of an incfa, ud n on. 

The accntac; of the indications of this instrament 
depoida on the mpposiiion that the cylinders of cU; 
which are used are always of the sane composition, 
and that the same temperature will always produce Id 
them the same degree of contraction. Admitting the 
poiailulity of always pioriding similar cylindere of clay, 
yet sdll the results of the iDstniment are altogether nn- 
cerlain. It is found that the degree of contraction is 
affected by the length of lime which the cylinder u 
exposed lo the temperatore, as well as by tht lemptr- 
ilure itself; and, therefore, that long-continued ex- 
posure lo a very inferior temperature will produce the 
lame contraction aa if the cylinder had been exposed 
for a short time to a more intense heal. Besides thii, 
it does not seem to have been certainly ascertained hjr 
Mr. Wedgewood himself, that cylinders of the skm 
apparent composition, exposed lo the heat of the tame 
furnace, for the same lenph of time, underwent equll 
d^rees of contraction. This instrument has been long 
But of use. 

The fnormoDB power which solid bodies esert in 
dilating and contracting their dimensions by change 
of temperature, will be understood if we consider, that 
it mmt be equal lo the mechanical force necessary lo 
praduci* similar effects in stretching or compressing 
Thus a bar of iron heated so as to increase its 
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length b; a quarter of an inch, would require a ibrce 
to resist its increase of length equal to that which wotdd 
be necessary, supposing it to he maintained at the in- 
creased teraperaturej to reduce its length by compres- 
Bon 8 quarter of an inch. In like manner, a body in 
contracting by diminished temperature, exerts a force 
exactly equal to that which would be necessary to stretch 
it through the same apace. 

This principle was beautifully applied by M. Molard, 
some years ago, in Paris. The weight of the roof of 
the large gallery of the CortMrvateire des Arts el MMert 
pressed the sides outwards so as to endanger the build- 
ing; and it was requisite to find means by which the 
wbU should be propped so as to sustain the roof. 
M. Molaid contrived the fallowing ingenious plan for 
the purpoBO. A series of sirong iron bars were carried 
across the building from wall to wall, passing through 
holes in the walls, and were secured by nuts on the 
outside. In this state they would have been sufficient 
to have prevented the further separation of the walls hy 
the weight of the roof, but it was desirable to restore 
ihe walls to their original stale hy drawing them to- 
gether. This was effected in the following manner: — 
Alternate bars were heated by lamps tixed beneath 
them. They expanded ; and consequently the nuts, 
which were previously in contact with the walls, were 
no longer so. These nuts were then screwed up so as 
to be again in close contact with the walls. The lamps 
were withdrawn, and the bars now allowed to cool. In 
cooling they gradually contracted, and resumed their 
former dimensions ; consequently the nuts, pressing 
tgainst the walls, drew them together through a apace 
equal to that through which they had been screwed up. 
Meanwhile the intermediate bars were heated and ex- 
panded, and the nuts screwed up as before. The lamps 
being again withdrawn, they contracted in cooling, and 
the walls were further drawn together. This process 
was continually repeated, until at length the walls were 
tesiored to their perpendicular position. The gallery 




t » accannted for in the i 
■BDner K Am «UA haa been jnsi mencioiied respect- ' 
i^[ k«Md ekr. Tbc sGd, in fact, does not eontiiUM 
th« Mne daring tie process, but dismisses those coo- 
sdnMnt parts wUeh uv maet easlj redaced to vaponr 
hj ieu, the para vhich lenuLa coUectiiig toge^wr 
BMH det^ l^ tbeir plij^fal piopertiea. 



TBB DH^TATION OV OASeS. 

Bt the experiments of LavoiBier ajid Laplacf, mentioned 
in the last chapter, it appears, that metals dilate uni- 
foimly with the increase of temperature between the 
^mitt of 32" and 212° of the common thermometer. 
This imiformity of expansion is still more conspicuous, 
tnd extends through a much wider range of temperature ' 
in the case of bodies which exist in the gaseous or 
Hriform state. Indeed, there is a uniform character 
■bout the expansion of these, not only when each gas is 
omudered separately, but when gases the most di^rent 
in other qualities are compared together ; which leads 
to the adoption of their expansibility as a standard of 
Kmparison for determining the expansibility of all 
other bodies. 

About the same period in the year 1801, Mr. Dalton, 
>l Mauchesler, and M. Gay Luseac, at Paris, instituted 
I series of experiments on gaseous bo<Iies, which led 
Ihcro to the conclusion, that the dilatation of air pro- 
ceeds with perfect uniformity in reference to the mercu- 
rial thermometer, between the temperatures of melting 
ice and boiUng water. But what was still more re. 
markable, they ascertained, that all gases whatever, and 
all vapours raised from liquids by heat, as well as all 
mixtures of gases and vapours, were subject to exactly 
the tame qaantiln of eipan^ion between these limits. 
Mr. Dalton found that 1000 solid inches of air, raised 
from the temperature of melting ice to that of boiling 

*al«r, increased their bulk to 1325 solid inches 

According to M. Gay Lussac they increased their bulk 
to 1375 solid inches. The latter detem ' 
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been proved by Bubeequent experimenu to be the a 

It appears, therefore, that for an increnie of U 
perature from 32° lo 212° amounting to 180", the 
crease of volume is 375 parts in 1000; and conaeqnenllj 
since the expansion is utiiform, the increase of volume 
for l°will be found, by dividing this by 180, whii 
will give an increase of 208j parts in 10,000/Jfor 1° i 
the coininon thermometer. It may not be unintcrestiiig 
here to describe the process by which M. Gay Li 
arrived at this important discovery. 

The apparatus used by him is represented in fy. 18. 
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It conaiste of a square box of tin, the section of whidi 
.appears in the figure, which is filled to the level n 
with water. It is placed upon a furnace F,and is fat' 
nished with two opeiungs at opposite ends, in one of 
which o is inserted a mercurial thermometer, placed is 
a horizontal position. In the other is inserted a. ther- 
mometer tube, the bulb and part of the stem of whiel^ 
IB filled with the gas on which the experiment is to he 
made. This gas is incloeed in the tube by a small por- 
tion of mercury, which appears at o'. These two ihei' 
mometer tubes are placed at the same level in the 
water, in order that they may be affected esactly 1^ the 
same temperature ; for, as has been already mentioned, 
the strata at different depths wiU have different teBi- 
peratures. 

The cover of this boiler is furnished with thia 
apertures, two for the escape of the vapour, and the 
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third to Bopport a therm omeler, the bulb 6' of which 
is iiDinersed in the water to the same depth as the other 
ihermometer, and the stem of which, rising above the 
lid of the boiler, indicates tlii? leraperature of the water. 
The indications of the thermometer in the hotUontal 
position are more accurate, the whole being immersed 
and at the aame level. Its indications, however, cannot 
be observed without drawing it out at the lateral ap- 
erture, while the mercury in the vertical thermometer 
standing above the aperture in the top of the boiler, 
always shows the temperature nearly. The stem of 
the thermometer tube which contains the gas under 
examination, is inserted in a larger tube t' which is filled 
vrith pieces of muriate of lime, or some other salt, which 
has the quality of absorbing inoiBture with facility. 
Through this larger tube the gas is introduced into the 
tnbeB',and as it passes it deposits any moisture or vapour 
which may be suspended in it in the hme, so that 
when it enters the tube B' it is perfectly dry. The 
tnbs B' was previously filled with mercury, in order 
to eKpel the atmospheric air, and the mercury was gra- 
dually withdrawn, according as the gas was admitted 
to fill ita place ; the small quantity appearing at o' 
Olily remaining to mark the portion of the tube filled 
by the gas. 

Let us suppose the temperature of the apparatus now 
reduced to that of melting ice, the gas in f will lose a 
psrt of its elastic force by the reduced temperature, and 
the atmospheric pressure will force the mercury at v' 
towards the bulb, until the condensation of the gas gives 
ila pressure, which will balance that of the atmosphere. 
The temperature of the water must now be observed, by 
drawing the stem of the thermometer B out of the side 
of the vessel, and the heat must be regulated until this 
temperature is accurately 32°, The position of the 
mercury which confines the gas must be then observed, 
by drawing out the stem of the other thermometer tube, 
lad at Sesame time must be observed the height of the 
baiometer. We obtain thus three data : 1 st, the tem- 
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penture of the gas; Sdly, its voluine; 3dl;, in 
pressme. 

The liquid in the vegsel is tion gradually healed, 
and similar obscrvationG are made at different tem- 
peratures. The vertical thermometer will indicate from 
time to time the temperature Ticarlg, so as hJ inform 
the observer when the horizontal thermometer shonM 
he examined. As the lemjieralure is gradnally in- 
creased, the gas conRned in the tube B' increases iti 
elasticity and pressure, and prevailing for a moment 
over the atmospheric pressure, it forces the mercufy 
outwards, until by the increased space which it fills, 
its pressure is reduced to equaUty with that of tiie 
atmosphere. 

It is necessary to note the height of the barometer at 
each observation; because, in case the atmospheric pre*, 
sure should change during the experiment, the gn 
enclosed in the tube would he, at ilitferent times, afibcled 
by different pressures. This would caiase a change in 
its volume, not depending on its change of temperature. 
In case of a chai^ in the height of the barometer, it is 
easy to allow for its effect on the volutne of the gaa, for 
that volume will be diminished in exactly the same pro- 
portion as the atmospheric pressure is increased, and 

The uniform expansion of vapours, and of the mt^- 
ture of Vigours and gases, was ascertained by experi- 
ments precisely similar, omitting only the process of 
transmitting them through the absorbent salts. It is 
also obviously necessary that the vapour should not be 
submitted to a temperature so low as to reduce any part 
of it to liquid, and that the mixture of vapour and gas 
should not be subniitted to a temperature so low as to 
cause any part of the vapour suspended in the gas to be 
precipi tated. 

Such was the nature of the apparatus and e^pe^i- 
ments of M. Gay Lussac. 

These experiments of Gay Lussac and Dalton have 
been repeated, and their residts confirmed and extended 



by Dulong- and Petit, with an apparatus similar to that 
just described. In order to examine the dilatation of 
the gases at lemperBtuies above that of boiling water, 
these philosophers uEed a bath of one of the fixed oils, 
itlstead of water, for the purpose of raising the temper- 
atures of the thermometers. They found that at tem- 
peratures above 212° the mercury dilated more rapidly 
than the gas, and that this rate of dilatation increased as 
the mercury approache<l nearer to its boiling point, a 
result nhich we shall presently see is common to all 

It may seem, at firEt view, not easy to decide whether 
ve should ascribe an increased rate uf expansibility to 
the mercury, or a decreased rate to the gas. There are, 
however, some consiilerations which render it in the 
highest degree probable, if not phyBJcally certain, that 
the dilalatian of the gases at all temperatures is uniform ; 
and that the relative variation above mentioned, is to 
be altogetber attributed to the increased rate of expan- 
nUlity in the mercury. All bodies whatever in the 
linferm etate, wbether they be permanent gases* or 
rapoura raised from liquids, or compounds of both, are, 
aa has been already observed, found to be subject to 
exactly the same expansion at at] temperatures. Now, 
we tnuit either suppose that a perfectly uniform and 
fixed expansibility is a necessary consequence of the 
afriform state, or that all gases and vapours, and com- 
pounds of them, are subject to a variation in their ex- 
pansibiUty, wliich is precisely the same for different 
gases at the same temperature. The simpUeity of the 
former supposition renders it by far the more probable. 
But, again, it is found that this sameness of expansi. 
tRlity is peculiar to the aeriform state. All solids, as 
w^ as liquids, not only increase their rate of expansion 
n tbeir temperature is raised, but at the same lemper- 
ntnre they differ from each other in expansibility. 

Besides these probabilides, which we deduce from 
kttBblished facts, theory would lead us to expect an ili- 
tteasing dilatability with increased temperature in solids 
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If ti be admiwd thuiB 
e fbree <iiiiniiii3»>« jn propoi. 
it win foUcm tliattbe 



<HiiiiTiiA Ac ^KT^ ti dns fincc ; and iherefote ibc 
uaioKj IB dOate hein^ lew re«isled, ■ giren inci 
of ian|iemiiTc iciH cause a gretler degree of dilatation. 
In mlidE and liquiiic tht coheeii^ principle being m 
fesied, tliis increaang iJilaiahiliiir will be exhilHted ; bnl 

«1jA> tlAr^wr pri— -ijiij tinin^ jTn—ilj annifijlffifl^ 

fcctt cmDM be dimUBdied by increased temper- 

i lod, dMMdoK, ^ same incTea&ing dilaulalilj 

bjr i uuiiaJ temp-Htme etaaot be lixd^ for. 

When gum are sud to dilate and contract bf vi 
■tiotis of lempenture, it is neccssaij to atlead to 
fad dui dtis process does not take place in the «i 
maODer as for liquids or solids. tVben a solid or a ]iq 
IE cooled, the ivpulave principle arising from the pre. 
, iQice of caloric being diminiihed. and the reaslanc 
• cohesion being leGsened, the particles are collected n 
doielj logelhej by the operation of the cohesive prin- 
ciple, and tfae body, H-helher solid or liquid, contrscll 
and shrinlLS into smaller dimensionE. Thie, bonera, 
does not happen in the same manner with bodies in tbc 
aeriform state. Suppose a glass receirer filled vidi air, 
and completely closed on etery side ; if the tempetatore 
of the air thus included in the recover He lower, it will 
not cease to fill the receiver, nor will it contract, in ai^ 
respect, in its dimensions. It will still continue to oc- 
cupy the same epace aa before : it will, however, loie s 
portion of its elastic force, and will exert a less presalM 
on the inner surface of the receiver, so that if the eiu 
temal pressure were allowed to act, it would be com- 
pressed into smaller dimensions. In the experimeDtt 
already explaineil, us performed by Gay Lussac, the gas 
•fxprritnented upon was exjKJsed lo the pressure of the 
■tlnospllere, because the small quantity of mercury 
whlth inclosed it in the tubf was subjected, on one side. 
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to tlie elastic pressure of the gas, and on the other side 
tu the pressure of the atmosphere. 

When it is said, therefore, that gases contract or ex- 
pand by change of temperature, it is meant that the 
contiactioa or expansion tahee place, the gas being sub-' 
ject, throughout the process, to a given preasare, which 
pressure is generally understood to be that of the atmo- 

It has been said, that air, when submitted constantly 
to the sarae pressure, expands by increasing its temper- 
ature : bat if, at the same time that the temperature be 
increased, and the pressure which confines the air be also 
increased, it is possible that the tendency to expand may 
be resisted, and the air compelled to retain its primidve ' 
diraensionE. It has been proved in Pneumatics, that 
the pressure of air is great, in proportion as the opace 
within which it is confined is small. But this law is 
only true, so long as the temperature of the air remains 
unchanged. If a given bulk of air be compressed into 
half its dimensions, its pressure will be doubled by the 
pneumatical law ; but if, at the same time, its (emper- 
Biure be lowered by cooling it, it is possible that the 
pressure, by this cause, may be so diminished as to 
compensate for the compression, so that the air, when 
redaced to half its bulk, may have the same pressure as 
it had in its primitive dimensions. In fact, the pies- 
■nre of air, and all other gases, depends conjointly on 
their temperature, and the dimensions within which 
they are confined. The higher the temperature, and 
the less the dimensions within which a given quantity 
of gas is inclosed, the greater will be its pressure. 

The eiipansion and contraction of air, by change of 
temperature, is the cause of a vast number of pheno- 
mena with which every one is familiar. When i fire is 
lighted in a stove surmounted by a chimney, the air 
enelosed in the chimney becomes healed by the action 
of the fire and enpands: it, tlierefore, becomes lighter, 
bulk for bulk, than the external atmosphere, and ac- 
quires a tendency to ascend by that buoyaikcy vfli\c\i \i 
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This produces whit 
whiiih means nothing 
aneftMttrVfvard eamst of air produced bj thb 
■liir sf the kcMled air craltincd in die floe. When I 
^Mnc ho* lenaoeil for a cocxulerahle dme without hav- 
ing ■ iie in itr die chimner, atoTe, &c. becomes cold, 
^ri wboi Ae file is &^ Bglited, il fails to heat the lii 
■■ dK floe with sufficient rapiditj to produce a cnneBl 
IKWWM? for die dnft. Upon such occasions we fn. 
qocntlj find dist the nnoke falls to ascend the <MnuK]r, 
and issoes into the aportmeuL AAer the grate and 
StK, howeier, become warm, the diaf^ is restored and 
the chimnej ceases to smoke- The draft is sometiniH 
stimulated in this case bj holding burning fud tottumi 
lime in the flue ; hy this means the sir in the flue 'bt- 
comes more speedUj heated. 

In aU contriTBDces for hestiiig bous^, the fact thU 
wann air is more expanded, and therefore lighter than 
cold air, should be siricil; attended to: for this leatoji, 
when warm air is snpplied to an apartment, it should be 
always admitted at the lower part, because, if admitted 
above, it would form a Gtretnm at the top of the cipart- 
menl, and would there remain, and escape by any aper- 
ture to which it might find access. If, however, there 
be no means of escape, except at the lower part, the 
warm air admitted at the top will gradually press the 
cold air downwards, and force it out through the doors, 
windows, or flues. 

The air included in a domestic apartment is generally 
heated to a higher temperature than the external ail, 
either by the heat supplied by the human body, or by 
lamps, caudles, or tires. This renders it Ughter than 
the external air, and consequenily the external air ac- 
quires a tendency to ruiih in at all apertures at the lower 
part of the room, while the warm and lighter air paaaea 
out at the higher apertures. If the door of an apart- 
ment he opened, it will be found that two currents will 
be cHtablished through it, the lower current inwanls and 
tlie upper outwards. If a candle be held in the doot- 
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If near the door, ii will be found ihst tbe flame will 
Uovn inrcarda; but if it be raised nearly to (he top of 
! doorway, it will be blown aittirards. The warm air 
this case flows out at tlie top, wbile tbe cold eir flows 
in at tbe bottom. 

A current of warm air from tbe room is generally 
rushing up the flue of tbe chimney, if the flue be open, 
even though there should be no Are lighted in the stove. 

The air contained in an apartment has a tendency to. 
collect in Etrata elevated according to its temperature ; 
die hotter air, being lightest, collects in the highest part 
of the room, and the strata decrease in temperature 
downwards. Thermometers placed at different heights 
between the floor and the ceiling will plainly indicate 
this. The difference of temperature of these strata is 
sometimes so considerable, that animals are capable of 
living in the lower part of the room, who would die in 
the upper part. 

The ail is supphcd to the wick of an Argand lamp by 
the same principle as the draft of a chitnnoy. The heat 
of the flame causes the air immediately above it to 
expand, and, becoming light and buoyant, it ascends 
with considerable rapidity. I'bia effect is increased 
by its being confined within the glass cylinder which 
usually surrounds the flame. A current is, therefore, 
established upwards, and the flame is thus fed with 
fresh atmospheric air from below, which promotes the 
combustion. All flame, as will be shown hereafter, ii 
gas heated in a very intense degree, and possessing great 
levity, when compared with the atmosphere : hence it ia 
that the flame of candles, and lamps, and other burning 
bodies, always takes an upward direction. 

The vicissitudes of temperature in the_ atmosphere are 
the principal causes of currents and winds. When a 
portion of the atmosphere acquires an increased tem- 
perature, it expands, and becomes comparatively lighter 
Sun the colder portions. Mliile it remains heated its 
dutic force, however, excludes the colder air from the 
place which it occupies. When the cause of heat i 
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temofed, the air again contrails iu dimeiuions, ind 
allows the colder atmosphere surrounding it to rush in 
and Gil the plsce whidi it has deserted by eontraelioD] 
and a current is thus prodnced. Also, the heated pw- 
tion is caosed to ascend bj the pressure of the coliki 
parts in its neighbourhood. When it ascends, the colds 
parts ruih in on every aide, and piodnce winds. The 
action of the aun on tiie atmosphere under it produces 
this ef^tj and we accordingly find steady winds Ht 
in towards the equator from the polei, ttnd also die 
trade winds, which follow the couTEe of the sua. The 
combination of these efiects produceB current* which 
account satisfactorily for the various fixed winds ob- 
served in different parts of the globe: it should b^ 
however, recollected, that the immediate action of ihe 
sun is not the only cause operating on the t«nperaluie 
of the air. The different degrees of heat reflected or 
radiated from the surface of the land, compared with 
the surface of the water, form another powerful cause of 
variation in the lemperaiure of the air. 

The fact of the expansion and contraction of air bj 
heat can he made manifest by numerous an^l familiar 
esperiments. Let a piece of Ughlcd pa^wr be thrown 
into a glass goblet, and alloned lohurn in it. Let the 
goblet be then immediately inverted, and its mouth im. 
merged in a basin of water. The water will be observed 
lo ascend in the goblet above the level of the water in 
the basin. The cause of this is, that the flame of the 
paper caused the air included in the goblet to expiud, 
and on inverting the gohlet, the air so rarefied iJas in- 
closed above the water, and separated from the external 
air. liere, on the paper being extinguished, its tentper^ 
aCure was lowered to the temperature of the water in 
contact with it, and it therefore contracted, and the at- 
inospheric pressure acting on the surface of the water in 
the basin forced a quantity of the water into the goblel, 
to fill the space deserted by the contraction of the air. 

The same effects may be still more conspicuously 
exhibited by tailing s glass tube with a btdb at its cxtre. 
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mity, such ts a themiometer tube, an<l placing the bulb 
over the flfune of a spirit lamp, the stem being placed 
in an upright position. The heat of the lamp will cause 
the air encloBed in the bulb and tube to expand, and this 
expansion will continue so long as the flame acts on the 
glass. If, after a time, the tube be removed from the 
lamp and invertedj and the extremity of the tube im- 
merBed in mercury, or water, or any other liquid, the 
liquid will be observed gradually to ascend the tube, and 
finally to rush with considerable farce into the bulb and 
nearly All it. This is caused by the gradual contraction 
of the heated air enclosed in the bulb and tube by cool- 
ing. A small quantity which will remain after the con- 
traction will be found to occupy a very inconsiderable 
space in the bulb above the hquid. 

If the Same of a lamp be now blown by a blowpipe 
«a that part of tlie bulb in which tlie small portion of 
air remains, the air will once more expand, and by its 
pressure will force the liquid from the bulb through the 
tube into the basin, and at length the air will Le no di. 
lated. as to completely fill the bulb and tube. A removal 
of the source of heat will lufier the air once more to 
contract, and the bulb and tube will be again 61Ied. 

Particles of air are frequently combined, in very 
minute subdivision, with Uquids : they may be expelled 
by causing them to expand by the application of heal. 
When the hquid is heated, the particles of air combined 
Midi it are also heated ; and when they expand, they 
acquire so great a degree of levity, compared with the 
hquid, that their buoyancy overcomes the attraction 
which previously held them in combination with the 
hquid, and they rise to the surface, where they escape 
in hubbies. If a!e or other fermented Uquor be heated, 
this effect will be observed, and froth will be produced 
on tbe surface as the bubbles of air rise. 

If a botde of fermented liquor, closely corked, be 
placed before a fire, the heat will cause the particles of 
sur combined with the liquid to expand, and to rise into 
the space of the neck of the bottle between the liquid 
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ftnd the cork : this procesB will be contiinied untQ i 
considerable qmtntiCy of condensed air is Mllected under 
the corb. The elastic pressure of tbis is increased hy 
the elevated temperature ; and it wiU frequently bappen, 
tbat this pressure so far exceeds that of ibe external 
atmosphere, that the cork will be expelled from tlx 
battle, with a noise Uke that of an explosion. 

Water, under ordinary circumstances, contains a 
considerable quantity of atmospheric air; for if it 
be boiled, or even considerably heated, this air mil 
gradually escape ; and, if the water be not subsequendy 
exposed to the atmosphere, it will thus be freed fens 
any combination with air. 

If a flaccid bladder be securely tied at the mouth, tlie 
amall quantity of air which it contains may be made U 
fill it as completely as if it were fully blown, by ex- 
posing the bladder before a fire for a short time. Theur, 
being thus heated, expands, and the bladder dilates, 
until at length it becomes fully inflated. On removii^ 
the bladder from the fire, it cools, and the air again eon- 
tracts, and the bladder shriuks and becomes flaccid u 
tefoK. 
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Thb transition of bodies by the increase of their tem. 
perature, succeBsively through the solid, liquid, and 
gaseous state, has been already alluded to in the first 
chapter. From this sCal^ment it will be perceived, that 
the liquid state difilTs from the solid and gaaeouE staCea 
in being a state of transition, in which bodies can only 
exist between two limits of temperature. In difleranl 
liquids these limits are more or less widely sepa- 
raled ; in some, as in the instance of alcohol, the point 
of solidification is placed at an extremely low limit of 
temperature ; while in others, as in some of the oils, 
the point of Taporisstion is placed a( a very high tem- 
perature ; and in others, again, as in mercury, these 
points are very widely separated, the vaporising point 
being at a very high temperature, while ihe freezing 
point is at a very low one. It is found, generally, as 
bodies increasing in temperature approach either of the 
points at which they pass from one of these states ilito 
another, that the rale at which they dilate by a given 
change of temperature is increased ; and hence we may 
be naturally led to expect, what, in fact, experiment 
will verify, that uniformity of eipsnHion is confined 
within more narrow limits in liquids than in bodies in 
the other states. As liquids approach their e 
ebullition and congelation, ihey are found to be subject 
10 certain irregularities; and it is only between limits 
of temperature which upon the one hand and the other 
Kte considerably itistant from these points, that any 
uniformity of dilatation can be looked for. 

There are several methods, founded upon the diSerent 
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^T^c*) ptopeni^s of liqnicls, by which the law of their 
dilaUIion tn*; be obserred. The principal of these 
methods we propose now to expUin, 

The lUUtation of liquids may be observed by a process 
nekrty similar to (bsE which was esplajneij, in the last 
chapter, for determioiiig the dilatation of gases. A 
thermometer tube is prorided, the stem of which is 
graituated in the nucner which will be explained in t 
subsequent chapter. This tube and bulb are filled with 
the liquid whose diUniion is to be observefl. It is 
then iuunersed in a hariiontal position, or nearly bo, ia 
a bath of hquid, luch as that described in page 53. 
The (euiperalure of this hath is varied in the maimer 
there explained ; and if the paints to which the liquid 
rises in the thermometer tube, at different temperatures, 
be accurately observed, the expansion of the glass tube 
itself being allowed for, the variations in the volume of 
the liquid may be easily deduced ; and hence the dilat- 
ation corresponding to different temperatures may be 
obtained. 

The performance of this experiment, however, so as 
to obtain results of the requisite accuracy, i« attended 
with some difficulty. The liquid under examination 
must be very carefidly purged of air which may be com- 
bined with it, otherwise the expansion of the particles 
of air, by increase of temperature, woitld cause an ap- 
parent expansion of the bqnid, the consequence of which 
would be false indications of its dilatation. The air 
combined with it would expand by increase of temper- 
ature in a greater degree than the Uquid, and, conse- 
quently, the apparent expansion of the Uquid would be 
greater than the true. The air may he expelled from 
the liquid by boihng the liquid in the thermometer tube 
and bulb. The tube being filled with liquid, let the bulh 
be held over the flame of a spirit lamp; as the liquid is 
heated, the aii combined with it, expanding, will rise in 
bubbles to the surface ; and when the liquid has been 
held for some time in this manner, every particle of tit 
will be expelled, 



There is still another Bource of error lo be guarded. 
against. It is found that 1i(|uids, when exposed to a free 
atmosphere, b* come vapour at all lemperaturea, and they 
evaporate the more readily the more elevated is the tem- 
perature. This would cause the apparent expansion of 
the liquid in the tube lo be less than the real expatision, 
inaEmuch as a certain quantity of the liquid would pass 
off by evaporation in this way, by which the bulk of 
the liquid remaining in tlie tube would be diminished. 
To guard against this source of error, when the bulb 
and tube are completely iiUed with (he boiling liquid, 
the end of the tube is closed by melting the glass with 
a blowpipe, so as completely to exclude the air, and 
mnfine within the tube nothing but the liquid, which 
then completely fills iL This done, the tube and liquid 
an allowed U> cool, and aa the liquid contracts, it eub- 
rides in the tube, leaving the space at the top of the 
tnbe a vacuum. This is attended with the farther ad- 
vuilage of enabling us to observe the expansion of the 
liquid at higher temperatures than it could be observed 
if the liquid were exposed to the atmosphere ; because 
it is found that liqiuds boil at a lower temperature, when 
(o exposeil, than wben removed from the contact of air. 

The tube must be placed in a horizontal position in 
the bath, for the same reason as was explaiiwd in de- 
termining the dilatations of gases. It must, in fact, be 
exposed U> the same temperature; and, as we sliall pre- 
sently explain, this cannot be, unless it be placed in the 
■ame horizontal stratum of the hquid. 

Such was the nature of the apparatus with which 
De Luc performed a series of experiments to determine 
the relative dilatations of difierent liquids. These ex- 
periments, however, fail to give us the absolute dilata. 
lion of any liquid, in consequence of that philosopher 
not having ascertained or recorded the capacities of the 
bulbs and tubes of his thermometer, nor determined the 
proportion which a degree upon them bore to the whole 
capacity. Indeed, the determination of this with euf. 
ficienC accuracy for the purposes of science would have 
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been difficult; and the foUowiog method, suggested bji 
M. tiay-Llusac, is, perhaps, better luUpted for the -de- 
lertniiiatiun of the absolute quantities of dilatatian of 
liqujde between certain limits. 

Take a glass tube, the bore of which U aot less than 
the eighth of an inch in lUaineter, terminated in a bulb, 
■nd lei it be graduated in sueh a manner thai the in. 
tervali between the divisions of the tube shall contain 
equal quantities of hquids. Let the whole capodl]' 
of the tube aiid bulb, and the capacity of the Interval 
between the divisions, be exactly ascertained. This may 
be done with considerable accuracy, as the bore of the 
tube is not in this case extremely small. Let a EmiU 
portion near the extremity of the tube be now bent at 
right angles to its length, and let its extremity Im 
melted with a blowpipe, so as to be brought to 4 Bne 
point, the orifice, however, still remaining open. Lei 
the bulb and tube be now filled with the liquid dw 
dilatation of which is to be ascertained, and let the 
whole be reduced to tlie lowest temperature to which 
it is to be submitted. In this state, the bulb and 
tube being completely filled, let it be placed in a ho- 
riionlal position in a bath heated lo any tempera- 
ture St which it Is required to observe its expansion. 
The increase of temperature which the liquid will re. 
ceive by immersion in the bath will cause it to expand, 
and it will gradually escape at the extremity of the 
tube, which extremity will be above the surface of the 
liquid in the bath. When the liquid ceases to flow 
from the tube the dilatation will cease, and the liquid in 
the apparatus will have attained the same temperature 
as the liquid in the bath. This temperature being ac- 
curately determined, let the tube be raised from the 
bath, and let it and the liquid which it contains be 
reduced to their former temperature. The liquid will 
then subside in the tube, and stand at a certain height 
This being observed with reference to the divisions on 
the tube, the bulk of the liquid contained in it will be 
knownj as compared with the capacity of the entin 




tube spil bulb, due aUownnce being made for tht ililo. 
lation of the glass. I'he eKpansion will thus be ob. 
tuned, uiice the volumes of the liquid at the two 
temperfttures will be known. 

This experimentj being repeated for different tem- 
penitmes, will give the difference between the volume 
of the liijuid at the lowest tenipetalure under examin- 
ation and at other temperatures, and will consequently 
determine the absolute expansiona. 

A similar method may be applied, without, however, 
grsdaatiiig the tube, or estimating ibe dilatation by 
measure. Let a small flask of glass be provided, having 
a very narrow neck furnished with a well-ground stop- 
per. Let the weight of this flask and stopper be ac- 
euiately ascertained. Let llie open fiask be immersed 
in a vessel containing the liquid whose dilatation is 
Tequired, this liquid being previously raised to any re- 
quired temperature. Let the stopper be now inlro. 
duced into (be flask, and let it be raised from the vessel, 
carefully dried, and accurately weifibcd. The weight 
of the flask and stopper being subtracted from this, the 
lemainder will be the weight of the liquid contained 
in iL The same experiment being performed at dif- 
ferent temperatures, the weight of the liquid contained 
in die flask at each temperature will be ascertained, and, 
allowance being made for the expansion of the glass at 
the different temperatures, the dilatation of the liquid 
will be ascertained ; the dilatation being in the inverse 
proportion to the weights of the same bulk of Uquid, 
Thus, if 1000 grains of liquid be contained in the 
Bask, M the temperature of 32°, and 950 at the tem- 
perature of 100°, the proportion of expansion which 
the same weight of liquid would undergo in this change 
of tcmpemture would be that of flflO to 1000. 

If the liquid whose ililatatlon is under examination 
cannot be conveniently used in so great a quantity, or 
exposed in an open vessel, as here described, the same 
esperiment may be performed by previously HUing the 
flask with the liquid, and immersing it in a bath of any 
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odia' liquid at known (nDpnatiuci. It is aeepwgy, 
lunrerer, in pa fuiuiing die expaimclil in tlua nttnits, 
to bQow the flul to remain immened in the btth ■ 
eonddpTiUe dme. in onker that it ma; tilte the brih 
lempentuic as thf Eurroumling liquid. 

Bf tbii iDeihod • serin of experiments wu pei- 
fbnned bj Eir Charles Blagden md Mr. Giipin, with a 
view to deternuDe the absolate dilatations of water md 
almbol from the lemperature of meltjng ice to 100° 
FihroiheiL 

Since dilatation bj change of Ipmperature change! 
the weight of a given bulk of a liquid, and this change 
of weight it in the inierse proportion to the dilatation, 
it follows, that all the ordinarj methods for detenuining 
the specific graTities of hqtuds may likewise be applied 
to determine their dilatations. In faet, the spedflc 
gravity of the same hqoid at difierent temperatures is 
distent, and alwajrs in the invert proportion to the 
dilatadon: the less the specific gravity, the greater, iathe 
tame proportion, will be the dilatation. 

It is prored in hydrostatics that a solid body im- 
mersed in a hquid is in a certain degree aupported by 
the hquid, and loses so much of ita weight exactly aa 
is equal to the weight of the liquid which is displaced 
by it.* If, therefore, a solid be accurately weighed 
previous to its immersion, and be subsequently weighed 
when partially supported by the liquid, the difierence of 
the weights will give, with great accuracy, the weight of 
as much of the bulk as is equal to the dimensions of 
the solid immersed. Now, if this process be applied 
to the same liquid at lUfftreni temperatures, it will be 
found that the weight lost by the solid on immersioD 
will be less, the higher the temperature of the liquid, 
and the weights lost in each case will give the weights 
of the portions of the liquid at different temperature! 
which are equal to the dimensions of the solid. When 
due allowance has been made for the ditatatioii of the 
■olid at the different temperatures, the weights of^C- 
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euiately aqual bulls of the liquid may be deduced from 
these experiments ; and hence the dilata.tions may be 
inferred. In order to obtain tbe greatest possible bc- 
ouncy from this methodj it will be neceawtty to alloiv 
for the buoyancy of the solid when weighed in air aa 
Bell as in water. The apparent weight of the solid in 
lir is less than its real weight by the weight of the air 
■thich it displaces : but this in a ijuaiitity easily deter. 
mined, and, indeed, well known ; and the allowance, 
tliough small, can be made with great accuracy, and 
Kithont difficulty. 

MM. Dulong and PelJt have determined the ab- 
solute dilatation of mercury with great precision ; and 
the apparatus which they hare used is appUcable to the 
determination of liquids generally. It depends upon 
the hydrostadcal principle, that two vertical colutnne of 
Uquid communicating by a horizontal tube will have 
beights in the inverse proportion of their densities. 
This apparatus is represented in^. 19, AT and A'T' 
Fig. 19. 




are two vertical tubes of glass which communicate by a 
horuontal tube T T'. They are filled with tnercury to 
the height n n'. By the common principles of hydro- 
RUtici, so long as the temperature of the mercury in 
this apparatus is the same in every part, the surfaces of 
the mercury in tbe two vertical tubes must stand at (he 
tune level ; but if the mercury in the one leg be leducei 
to tbe temperature of melting ice, and in the other Xo 
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temperature 
_ to dilate in a greater degree than in the othet, ', 
and to become bulk for bult lighter ; consequently, tie 1 
higher column of mercury in the leg A' T', at tlie 
greater cemperslure, will balance the loner colnina in 
the leg A T at the lesser temperature. The hdghts of 
these columns will be in the inverse proportion lo the 
specific gravity of the mercury. The heights, tfaerc' 
fore, being accurately observed, the relative tpetS^t 
gravities will be known ; and hence the dilatation lAich i 
takes place between the two lemperatures may be 
inferred. 

Of all liquids that which has been moat earefiillyiDd 
moat minutely examined with respect to ita dilalatlA, 
and which presents the most striking exception to Ac ' 
general law of expansion, is Kater, All the mediodi 
which have been explained have been Applied to ^ 
liquid, and all concur in proving, that, as its tempenhoe 
is lowered towards the point at which it is conTertsd 
into a solid, its contraction does not proceed in the iinw 
uniform manner as the general law would lead ub to con- 
clude. As its temperature is lowered, the rate at which 
it contracts is observed to <]iinimBh, until it arrivei at 
about 39'3° of the common thermometer. Here iH 
contraction stops, and, if the temperature be .lowered, it 
is observed that neither contraction nor expansion tatei 
place for some time ; but, presently, on lowering Ibe 
temperature btill more, a dilatation is observed to be 
produced, instead of a contraction ; and this dilatation 
continues at an increasing rate until the water is froten. 
It appears, therefore, that water has a point of maii, 
mum density, and that that point is at the temperature 
of about 39'^° Fahrenheit. Different philosophen 
have determined the point of greatest condensation, and 
the results of their investigations very nearly agree. Hi 
Charles Blagden and Mr. Gilpin fixed it at 39°. he. 
fevre Gineau, by very accurate experiments, fixed it tt 
nearly 40°. More recently, HaQsttom arrived at a 



rimflat result. Experiments performed hy Dr. Hopt 
■nd Count Rumfonl, agree in fixing the point of 
nail) density between 39° and 40°. The experiments 
of HSllstrom fix it at S9'38°. For a few degrees 
■bove and below the temperature of greatest condens. 
ation, the dilatation of wat^r is found to be the same. 
Thus, at 1° above and 1° below the point of greatest 
condensation the specific gravities of water are the same, 
in Uke manner as S" above and below that point of 
•pecific gravity are exactly equal. This, howeverj ex- 
tendi only through a very small. range of temperature. 

Id a question of such importance in physics as the 
temperature of water at its extreme stale of density, it 
it not wonderful that every contrivance which philo- 
sophical ingenuity could suggest for the attainment of 
accuracy should be resorted to. In all the methods for 
the determination of the dilatation of Uquids, which have 
been here explained, the previous accurate determination 
of the dilatation of the vessels, containing the liquids, or 
Aunersed in them, must be previously known. A me- 
diod, however, independent of this, has been su^esled 
ud attempted for ascertaining the temperature of water 
in itB extreme state of condensation. This method rest* 
1^>on the principle that liquids of dilFerent specific gra~ 
rities, when mixed, will arrange themselves in the order 
of tbeir weights, the heaviest taking the lowest position. 
If different portions of water be contained in a vessel, 
at different densities, the most dentte will, therefore, 
■etde itself at the bottom- This principle was apphed 
by Dr. Hope, of Edinburgh, and dao by foreign philo- 
sophers, in the following manner : — 

Tall cylindrical glass jars were fiUed with water at 
di8fei«nt temperatures, having thermometers suspcUded 
in them at the top and bottom. When the water at 
33° was exposed in an atmosphere at 6l°, the bottom 
thermometer rose faster than tl)e top, until the water 
arrived at the temperature of 38°. After that, the lop 
thermometer rose faster than the bottom. When the 
water in the jar was at 53°, and was exposed to colder 
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water sarrounding the vessel, the top thermameter nu 
higher than the bottom, until the water in the jar vu 
cooled dotTQ to 40°, and then the bottom thermomelei 
was higher than the top. It was hence inferred, ihit 
when water was heated towards 40°, it sunk to the bot- 
tom, and that above 40° it rose to the top, and vIm 
vertd When a freezing mixture was applied to ibelop 
of the glass jar, at the temperature of 41°, e 
its application was continued for several days, the lower 
thertnometer never fell below S9° ; but when the &eei- 
ing mixture was applied at the bottom, the uppa 
thermometer fell to 34° as soon aa the lower one. It 
was hence inferred that water, when cooled below 39°, 
cannot sink, but easil; ascends. When the water in tlu 
jar was at 32°, and warm water was applied to the 
middle of the vessel, the thermometer at the bottom 
rose to 39° before the thermometer at the top wt* 
affected at all ; but when the water in the cjlinder wu 
at S9-5°, and cold was applied to the middle of the 
vessel, the thermometer at the top fell to 33° before flie 
lower thermometer was affected. 

Water, in its state of greatest condensation, has been 
adopted by the French as the basis of their unifbmi 
system of measures. Their unit of weight ia called I 
gramme, and it is the weight of a cube of dialilled 
water taken in its state of greatest condensation, the nde 
of the cube being the length of a cenlimelre, or the 
one hundredth part of their unit of measure, which it 
called a mitre, the length of which is 39-3702 EngUah 
inches. 

If the weight of dialilled water, at the temperature of 
its greatest condensation, which a vessel contains, be 
known, the capacity of that vessel will then be eawly 
determineil, since a given hulk of distilled water ia 
known. On the other hand, if we determine by mea- 
sure the actual contents of a vessel, we shall know 
immediately the number of gmmmeii of water in a max- 
imum state of condenaation which that vessel will 
contain. If the weight of water at any other temper- 



iture which the vessel contains he ascertained, 
veight which it would contain at the temperature 
ntaximuni condensation may be easily determined by 
die aid of the tables for the dilatation of water at dif. 
ferent temperatures. 

The principal variation in the expansibility of liquids 
bdng observed at those points where they approach the 
tmimtion int« the solid or into the gaseous stale, and 
the expanHihility being found to be either uniform, or 
nearly so, at temperatures distant from these extremes, 
we are furnished with another analogical proof conUrm. 
aiory of the uniform expansion of the permanent gases. 
These bodies by no elevation of temperature can pass 
into any other physical state ; nor has it ever been 
found that any reduction of temperature which is altain- 
*hle by practicable means has ever reduced them to a 
hqnid form under ordinary pressure. The points, 
dKreforC] at whidi we are led by analogy to expect a 
n their expansibility, by reason of their ap- 
transition lo another stale, being removed to 
mited and undefined distance, we may naturally 
^^ , whst, in fact, experieiice proves, that their ex- 
puiBibility. wiihin all known limits of temperature, is 
perfectly uniform. In like manner, the principle is 
confirmed, that metals and solid bodies, at temperature* 
considerably under their point of fusion, suiTer contrac- 
tion by cold which is proportional lo, and uniform 
with, their reduction of temperature ; since there is no 
odier state into which, by any reduction of temperature, 
they can pass- 
Some of the metals, however, within a certain range 
of temperature below their point of fusion, have exhi- 
bited a steady, though very small, increase in their rale 
ofexpansion. Hgllstrom made a series of experiments 
oo iron, at temperatures exieniling from 40° below zero 
to the temperature of boihng water, and he found a gra. 
daal but constant increase in the expansibility. A rod, 
the length of which at ,^2° was expressed by 1000000, 
was found, at the temperature of 40° below zero, to have 
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■ kn^ eipRSsed b; 999'>S9, tnd at the tempcratun 
of 212° to have ihe letigth expressed by lOOlWfi; 
uid bet<reen Aete points the increase tras gradual, and 
in a proportion Bomewhai greater than the chitnget of 
temperature. 

The f»ct that, bult for bulk, a Lquid becomea Lghler 
u the temperature is raised, causes the liquid which 
receJves the best from an; source to arrange itself in 
strata in any ressel in which it is contained baving 
di&rent innperatuxes, the lowest stratum being ibtl 
which has the lowest temperature, and the strata aboTe 
it having temperatures higher in the order in which tbej 
are placed one above another. This results from iIk 
well known principle of hydrottaticg, that fluids of dif- 
ferent fpeciflc gravities will arrange ihemEelTea aborc 
one another in the order of their specific giavitiei, die 
lighter being always above the heavier. 

If a quantity of cold water be poured into a Teaael, a 
thennometer being immersed in it, and a quandqr af 
hot water be poured carefully over it, so as to prevent 
the fluids mixing by the agitation, it will be found that 
the hot water will float in the cold, the thermometer 
immersed in the cold water will not rise ; nor will t 
thermometer immereed in Ihe hot water poured over il 
fall ; but if, by introducing a spoon into the vessel, and 
dgitittiiig the water, a mixture of the hot and cold be 
produced, the lower thermometer will immediately rise, 
and the higher fall, and both will ultimately stand at 
the same temperature intermediately between their for. 
mer indications. 

If, on the contrary, hot water be first poured into the 
vessel, a thermometer being immersed in it, and then 
cold water be carefully poured upon the hot, so as to 
prevent such agitation as would cause the fluids to mix, 
and a thermometer be also immersed in it, it will be 
found immediately ihal the lower thermometer will fall, 
and the higher one will rise. In fact, the cold water 
descends through the hot by its superior gravity ; bat 
in this case the fluids, ia passing through one another, 
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! mixed, and the whole mass will lake an in 
e tranperature. 

! process by which water is boiled in a vessel 
an example of the efiectE of a liquid expanding 
When fire is appiiei! at the boitom of a kettle 
ng water, the stratum of water immediately in 
contact with the bottom, becoming heated, expands, and 
is consequent!]' lighter, bulk for bulk, than the water 
above iL By the general principles of hydrostatics it 
aB<*nd8, and the colder liquid, descending, lakes its place. 
This, becoming heated, in its turn likewise ascends ; 
and in this manner constant currents upwards and down. 
wards are continued, so long as the fire continues to act 
'on the bottom of the vesseL Thus, every particle of the 
water in the vessel, in its turn, comes into contact with 
the bottom, and receives heat from it ; and by the con- 
tinuance of this process the temperature of the water 
is raised until it boils. 

This process being understood, it wiU be easily per- 
ceived that it would be impossible to raise the temper. 
iture of the water contained in a vessel by any source 
of heat applied to the upper surface of the Uquid. Let 
water at the temperature of 50" be poured into a cylin- 
drical vessel, and let oil at the temperature of 300° be 
poured upon it, the oil, being lighter, bulk for bulk, than 
the water, will float upon it without intermixing with it. 
A thennomeler immersed in the water will indicate no 
change of temperature, although the oil, at a temper, 
ature so much above that of the water, is in contact 
with its surface. In this case a thin stratum of water, 
immediately in contact with the oil, receives an increase 
of temperature from the oil, and consequently becomes 
lighter, hulk for bulk, than the water below it ; but 
this change of weight gives it no tendency to descend 
and mix with the water, but the contrary. It will 
appear hereafter, that the heat catmot be conducted 
downwards by the water in any other way than by ac- 
tnal mixture. 

The contrary currents upvrarda and downwards, esta« 



I 



82 

btiihed by sppljing heat to the bottom of the veiael 
coQtaining a liquid, may be easily rendered manifrnt 
by the following experiment: — Let a tall jar be filled widi 
cold water, and let some amber powder be thKiwn into it. 
The particles of this powder being equal in wdght to 
water, bulk for balk, or nearly bo, will remain smpended 
in the water, and they may be seen through the ddea of 
the glass veE&el. Let chlsjarbe immersed to some d^th 
in a vessel of hot water, bo that the lowest strata of the 
water in it may become graJuaEy heated. The water 
at the bottom of the jar will now be observed continually 
to ascend, carrying the amber particles with it^ while the 
colder water in the upper part will descend The con. 
trary currents wiil be rendered manifest to the eye by 
the particles of amber which they carry with theiD. 
I If heat be applied to the sides of the cylindrical jir, 
I but not to the bottom, the water immediately in contact 
with the sides, becoming healed, will ascend. The wifn 
in the centre of the jar, on the other hand, beii^ 
lemored from the source of heat, will retain its temper. 
ature, and will, of course, sink as the water next the 
sides rises. In this case, two distinct currents will be 
seen, one immediately next the surface of the jar coi- 
tinually ascending, an<l the other in the centre of die 
jar continually descending. This may be shown by 
placing the cylindrical glass jar within another aoine. 
vhat greater in diameter, and pourirvg a hot hquid in 
the space between them. 

A method of warming buildings by water has been 
contrived, on the principle that hot water will ascend 
through cold by its superior hghtness. A boiler ii 
constructed in the lowest part of the building, com- 
pletely closed at the lop, but terminating in a tube or 
pipe, which is conducted upwards, and carried through 
the different apartments which it is intended to warm. 
This pipe terminates in a funnel at the top of the 
building, the boiler and pipe being 6]]ed witli water 
up to the funnel, When fire is appUed under the 
. boiler, the water, becoming heated, ascends, and the 



colder water descenda ; and tliese contrary currents con. 
tinue undl erery particle of water contained in the pipes 
carried through the building is raised to whatever tem- 
perature under 212" may be desired. 

Since water at 32" is lighter, bulk for bulk, Uian 
water at 40°, or even at some degrees above 40° ; it 
follows that the water in the depths of a frozen sea 
may be at a moderate temperature, while the portion 
near the surface is &\ or below 32°. Thus, animals 
which might not be capable of living at temperatures 
below 40" may nevertheless exist in the depths of a 
KB covered with ice. 

Jn the boilers of steam-engines it is indispensably 
necessary that the Sre should be applied at the lowest 
parts of the boiler, because otherwise (he water heated 
by the fire, being Ughler, would remain above, and the 
water below would never receive any increase of 
temperature from the iiie, and would, in fact, never be 
converted into steam ; but when the lire is applied at 
die lowest points of the boCer, (he moment the water 
contained there receives a greater temperatitre than the 
water above it, it will ascend, and other parts of the 
liquid will come under the operation of the fire. 

Tables of the dilatation of various EubBtances are 
given in Appendix (I). 
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Heat, like bU other physical Bgents, can only be met. 
■ured by its efTectS] and these ejects are very varioiH. 
Id the first chapter it has been shown that the dill, 
tations and contractioDs which bodies undergo bj 
change of temperature, so long as these bodies EuAer ne 
change in their physical state from solid to Uquid, or 
from liquid to gas, or vice versa, form the best and 
most convenient means of measuring the degrees of 
temperature. This property has, therefore, been taken 
as a principle for the construction of instruments for 
measuring heat, which have been called tukrhohetebu 
and prsouETEKs ; the former being applied to the mea- 
sure of more moderate temperatures, while the latter 
have been chiefly applied to determine the more fierce 
degrees of heat. 

Bodies in every state being afiected with a change of 
dimeneionbyevcrychangeof temperature, are all adapled, 
more or less, to form measures of temperature. SoUdsand 
gases, being more uniform than Uquids in their expan- 
aions, and having a wider range of temperature widioot 
attaining the limits at which they change their phy- 
sical states, would appear at first view to be the best 
Buiteil for this purpose. There are other consideration!, 
however, ta be attended to, which shoVr, chat, on the 
other hand, liquids are best adapted for thermometric 
indication. The changes of dimension which a solid 
undergoes by change of temperature, are, as has been 
seen, extremely small, and not easily observed. To 
appreciate them, it is necessary tliat their effects should 
be increased by wheels or levers, or other mechanical 
means ; and such apparatus never fail to introduce error 
into the result, in proportion to their complexity. 
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Bodies ID the aeTiform state cammand, it is true 
imlimited range of temperature, without changing their 
form ; but, on the coiilraty, their high Busceptibility 
of diUtatiun and coolraction renders them extremely 
inconvenient in measuring an; conEiderable variations 
of temperature. The changes of dimension of Uquida, 
while they are greater and more easily observed than 
flwM of Bolids, and, therefore, require no mechanical con- 
Divauce for magnilying them, are, on the other hand, 
Imi than those of gases, and present a means exempt 
fiwn the inconveniences of either of the other methods. 

It IB plain, however, from all that has been said in 
file last chapter, that the range of a liquid thermo- 
meter must not only be confined between its boiling and 
freezing points, hut within still more narrow limits; 
for it has been proved that the expansion of Uquids, as 
they approach those temperatures at which they pass 
into the solid or gaseous stale, are subject to irregu- 
laiitieE, which render them an uncertain measure of 
tetoperatiue- In the choice of a liquid for a tliermo- 
meter, we must necessarily be directed in some degree 
by the purpose to which the instrument is applied. An 
inatniment intended to meamre very low temperatures 
nay be constructed with a Uquid which itself boils at a 
low temperature; whili?, on the other hand, such a liquid 
would be inapplicable in a thermometer designed for 
measuring higher degrees of heat. Thermometers in. 
tended only to measure high temperattues might, on the 
other hand, be constructed of a liquid, like certain oils, 
which solidifies at a considerable temperature. For all 
ordinary purposes, however, that Uquid will be the best 
adapted for thermometers in which, while the freezing 
and boiling points are separated by a great interval, 
that interval shall comprise the tcmjierature of the most 
ordinary objects of domestic or scientific enquiry. 

Among liquids, there is one which eminently fulfils 
these conditions, and which, by reason of its various 
physical and chemical quahties, is otherwise well adapted 
&}r the purposes of the thermometer. This hquid is 
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mercury, or quicksilver. Mercury boiU at a higher 
perature than any other liquid, except certain oils; a: 
on the other hanil, it freezes at a lower temperatu; 
than all other liquids, except some of the more volatile,! 
SDch as alcohol or ether. Thus, a mercurial thermo-l 
meter will have a wider range than any other liquid I 
thermometer. It also is attended with this 
ence, that the extent of temperature included between I 
melting ire and boiling water stands at a considerable | 
iii8tan<:e tiom the Umits of lis range. Thus it happeni 
that nearly all the temperatures which are necessary U 
he observed, whether for domestic purposes or scientific 
enquiry, fall within the range of a mercurial thermo- 
meter. It is attended with the further advantage of ■ 
higher susceptibility to the acdon of heat; and its in. 
dications are, thereforcj more immediate than those of 
other liquids. Its expansibility within the extent of 
temperature of the phenomena most commonly observed, 
are perfectly regular, and proportional to those of solids 
and gases at the same temperatures. These properties 
have brought mercurial thermometers into general use 
in all parts of the world. 

To render the thermometer practically useful, it is 
necessary that its indications should be steady and uni- 
form, and capable of being compared one with another 
at different times and places. To accorophsh this, it is 
chiefly necessary that the mercury, which is used in 
difterent thermometers, should be perfectly the same. 
To ensure this identity, it is necessary that the mercury 
used should be pure and free from any admixture of 
foreign matter. Mercury, however, under ordinary cir- 
cumstances, is never found in this state. In the mine, 
it is commonly mixed with other substances, which by 
chemical combination render it solid, and from which it 
muatledisengagedby the processes of metallurgy. Evan 
when it is found in the hquid state, it is commonly 
mixed with silver, lead, or tin ; metais with which it 
combines with great facility. In order to have it per- 
fectly pure, it is necessary first to disengage it from the 
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grosser substances with which it may be mixed. This 
is etsily accomplished, by straining; it through a piece of 
chamoie leather: the subtle parts of the mercury will pass 
freely through the pores by tnerely squeezing the leather 
between the lingers, and the solid impurities with which 
it is mixed will be thus intercepted and separated. 

It is still necessary, however, to disengage from the 
mercury other liquids which may be combined with it. 
This is easily accomphshed. Let a boiler be provided, 
terminated in a tube at the top, which tube is conducted 
into a receiver, placed beyond the influence of the fire, 
HO as to be capable of reconverting the vapour of mer- 
cury into liquid. Let the impure mercury be placed in 
this close boiler on a fire. The fact that mercury boila 
at a lower temperature than any other metal, will cause 
it to be converted into vapour, while the other metals 
withnhichit is mixed continue in the liquid or solid state. 
The mercury will thus pass over in vapour tlirough the 
pipe from the lop of the boiler into the coolerj where it 
will be restored to the liquid state, and will be collected 
free of admixture with other metals. This process, which 
is ctSsAdiifliUation, will be more fully described hereafter. 
If the mercury happen to hold in combination any liquid 
which boilfl at a lower temperature than the mercury 
itKlf, such a liquid may be dismissed by raising the 
mercury in the boiler tu a temperature below its own 
boiling point. The liquids combined with it will then 
pus over in vapour, and will he collected in the cooler 
leparate from the mercury. 

Having now obtained pure mercury, unalloyed by 
admixture with any other substance, the next object is 
to contrive a means of rendering its dilatations and con- 
tnctioTiB obsorvahle. For this purpose, let a glass tube, 
of very small bore, be obtained by the ordinary process 
of glass-blowing : let a spherical bulb he blown at one 
end of it, of a magnitude very considerable, compared 
with the bore of the cube. As the tube must be of that 
extremely small bore which is called capillary, the bulb, 
dtough not of great magnitude, may still bear a very 
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DEiderable proportion Co it. When the bulb is filled, 
& rery slight change in the volume of the mercury will 
cause a conEiderable riae or fall in the tube; becaoae dw 
bulb not (!oneiderably altering its dimensions, an iiu 
crease of volume io the mercury must necessarily find 
Toora by forcing the column upwards in the tube ; and 
B diminution of volume, for a like reasonj wDl cause the 
column in the tube to fall. If a portion of the bore of 
B tube, measuring the eighth of an inch in length, con- 
tain the lOOOth part of the whole quantity of mer. 
cuty in the apparatus, then an expansion, amounting to 
one part in 1000 will cause the column of mercury 
to rise in the tube the eighth an inch, a space which 
IB easily observable ; and if the bore of the tube he 
every where uniform, every eighth of an inch which 
the column of mercury rises or falls will correspond to 
an equal increase in the volume of mercury. The tube 
and bulb, thus constructed, are attached to a divided scale, 
by which the rise or fall of the column of mercury in 
the tube may be accurately measured and observed. 

If the scale by which the variations of a mercurial 
column are measured be divided in equal parts, it is 
obvious that the bore of the tube should be uniform, for 
otherwise equal divisions of the scale would not cor- 
respond to equal dilatations or contractions of the mer- 
cury. If one part of the bore were larger than another, 
a division at that part would com'spond to a greater 
change in the volume of the mercury than a division at 
another part where the bore is narrower. As it is a 
matter of convenience that the divisions on the scale 
should be equal, it is obviously essential that the bore 
of the tube should be either accurately or very nearly 
uniform. There is a very draple and effectual method 
of ascertuning whether the bore of a Cube tiilfil Ibis 
condition. Before the bulb is blown on the tube, let a 
drop of mercury be introduced into its bore so small as 
lO occupy a space in tile bore not exceeding a quarter 
of an inch, or even less. Let this mercury be graduaUy 
mored through the tube from end to cnA, cBn.«m^*n.vi 



lest at different points hy holding the tube liuri/Diiiallj, 
mil let [he Epace which it occxpits in the tuhe at dif. 
ferent places be niea9U7ed bj some accurate mifasuje. If 
the mercury occupies the same length of the lube in every 
part of its bore, it ia evident that the bore will be every 
ffhere uniform ; but if it occupies a less extent of the bore 
in one place than in another, then that part where it 
occupies a lees extent must be greater in diameter than 
other parts, and the bore is consequendy not uniform. 

For ordinary domestic purposes, and even for most 
tdentific observations, thermometer tubes can be easily 
obtained of suiBciently uniform bore ; but in scientific 
experiments, where the utmost possible accuracy is 
sought, it has been thought better not to depend on the 
unifbrniity of the bore, but to graduate the scale inde- 
pendently of this condition. Such a graduation may 
be e^cted by causing a drop of mercury to move from 
end to eod of the tube, and engraving on the glass with 
a diainond a. number of divisions regulated by the space 
which the drop of mercury occupied in different parts 
cf the bore. These divisions, whether equal or unequal, 
would evidently contain the same quantity of mercury, 
and correspond to equal dilatations or contractions of 
the fluid," 

Let us suppose, then, that a tube has been obtained of 
unfoim bore, and a bulb blown upon its extremity, and 
ihat we are furnished with pure mercury. The next 
Dlyect is to fill the tube with the mercury. If the tube 
hid not been capillary, but had a bore of considerable 
nugninide, the mercury could have been easily intra. 
dnced by pouring it through the tube into the bulb; 
Imt the bores of tubes commonly used for tliermometers 
tre mmch too small to admit of this process. A method 
of filling the tube is pntctised which depends partly on 
die high expansibility of atmospheric air, and partly on 
dK atmoapheric pressure. The bulb of the tube is held 
ttewine time over the flame of a spirit lamp, so that 
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the air contained in it becomta intensely heated. TLii 
air, therefore, expEiidB, and becomes highly rarefied, uj 
that the quantity or weight of air contained in the bulb 
and tulie at length bears a very inconsiderable propw. 
tion Ui that which was contained in it at the ordinuj 
temperature of the atmosphere. At the same timi^ 
another purpose is answered by this process. A thin 
film of moisture, attracted from the atmosphere, or ia 
the process of blowing the bulb, is liable to attach itself 
to the interior surface of the bulb and bore ; and if thii 
film were allowed to remain on the tube, it would (U^ 
turb the indications of the instrument, by 1: 
mixed with the mercury, and expanding with it ii 
ferenC degrees, so that the apparent expansion wotiid 
be partly dependent on the expansion of the mercury, 
and partly on the expansion of the vapour arising frcm 
this film of moisture. By the process of heating the 
bulb, and rarefying the air contained in the tube, this 
film of moisture is effectually evaporated and expelled, 
and nothing remains in the .ahe but a very small 
quantity of highly rarefied air. In this stale the tube 
ia inverted, placing the bulb upwards, and the open end 
of the tube h plunged in a vessel containing pure mer- 
cury. The heat by nhich the air contained in the 
bulb was rarefied being now removed, the air b^ni to 
: its former temperature, and all commumcatJOD 
with the atmosphere being thus cutoff by the open end 
of the tube being immersed in the mercury, no supply of 
tir is admitted to fill the apace caused by the contraetiw 
of the air remaining in the tube. Meanwhile, the 
pressure of the atmosphere acts on the surface of the 
mercury in the cistern, and presses it up in the tube in 
the same manner, and from the same cause by which 
mercury is sustained in the barometer. In this man- 
ner the mercury will he found to rise in the thermo. 
meter tube, and ultimately to pass into the bulb, the 
greater part of which will be filled. The small quan- 
tity of rarefied air, now contracted into very limited 
dimensiona, will occupy the upper part of the bnlb. 




91 

Let the tube be now once more inverted, placing the 
open end upwards, and let the bulb coDtaJning the 
DieTcury be again held over the flame of a lamp. After 
some time, the bubble of air which remains intermixed 
with the mercury vrill be forced out of the tube by the 
expanHioD caused by the heat. The bulb must still be 
held over the lamp till the mercury boils. The vapour 
of the mercury then rising from its surface will fill the 
unoccupied part of the bulb and tube, and will altogether 
expel the atmospheric air from them, bo that the whole 
bulb and tube will be filled with the mercury and its 
vapour. The instrument must now be once more in- 
verted into the cistern of mercury, and immediately the 
mercurial vapour in the tube and bulb wUI be restored to 
the liquid form by being removed from the lamp which 
SDstained it in the state of vapour. The atmospheric 
pretsoje will force mercury into the tube and bulb 
nntil both are perfectly filled. The apparatus, there- 
fore, is now fiUeil with pure mercury, free from inter- 
mixture with any kind of foreign matter, whether in 
the sohd, hquid, or gaseous form. 

Since the indications of the therriiometer are made by 
the rise and fall of the column of mercury in the tube, 
it follows that, when adapted fur use, the instrument 
must be only parlialiy filled with mercury. It is evi- 
dent, that, at the lowest temperature which the instru- 
ment is intendeil to measure, the surface of the mercury 
ought to be above the point where the tube rises from 
file bulb ; for any contraction of the mercury which 
would cause the whole of that fluid to enter into the 
bulb could not be estimated. The whole quantity of 
mercury in the instrument ought, therefore, to exceed 
the contents of the bulb when the mercury is at the 
lowest temperature, to which the instrument is intended 
to be exposed. On the other hand, when the temper- 
ature is raised, the expansion of the mercury causing 
the column in the tube to ascend, it ia necessary, chat 
the length of the tube should be such that, the highest 
lemperature to which it is intended to expose the in- 
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ahoidd be such, llut the tube may afford ml. 
fidcnl roam for the increase of the column produced bj 
the corresponding expansion. From these ohserifslioni 
il will be applrent, that the quantitj of mercury U be 
left in the thermometer must depend ou the relttlTe 
magmtudes of the bulb and tube, and on the extremM 
of temperature which the instrument is inlended U 
measure, het us suppose, that the range of the in- 
strument shall be confined to a few degrees beloR and 
above the temperatures of melting ice and boiling water. 
If too much mercury be left in the tube, on plunging 
the instrument in boiling water, the mercury would 
rise Co the top of the tube, and by its expansion over- 
flow, if it were open, or burst it if closed. I ^ on the 
other hand, too little mercury were left in the instnt. 
ment on plunging it in melting ice, a contraction of llie 
mercury by the cold would cause it to fall into the bull^ 
and no indication could be obtained of that part of the 
contraction of the mercury which took place in the 
bulb. The law by which the dilatation of mercury ii 
regulated will determine the length which it ia ne. 
cessary the tube of the thermometer should have, pro- 
vided the diameter of the tube and the contents of die 
bulb are known. We shall, however, for the present, 
suppose that the proper quantity of mercury has been 
introduced into Ihe apparatus, so that the extremes of 
heat and cold shall not cause either of the eflects to 
which we have just referred. 

It is now necessary to close the tube at the top by 
melting the glass with the blowpipe; but, in perform, 
ing this operation, care must be had to exclude all the 
ur which may remain in the tube above the column of 
mercury. It is found that, if this air were suflered U 
remain above the mercury in the tube of the tbeimo- 
', any accidental agitation of the instrument il 
liable to cause the bubbles of it to mix with the raeteatj 
BO as to break the column ; and when this happenij it it i 
dy difficult to disengage it from the mercury, ■ 
ascend to the lop of the tube. 
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In closing tbe top of the tu^, the air is excluded by 
the following process : — The bulb of the thermometer i 
exposed to beat, until the luercury has ililated so as to 
ctuse the column to rise vei7 near the extremity of the 
tube. Tbe glass at the extremity is [hen suddenly 
melted by the blow.pipe, so as to close the aperCuie 
immediately above the surface of the mercury, leaving 
no space between them. In this state the sealed instru- 
ment U completely filled with mercury to the exclusion 
of air. The instrument being now removed from the 
source of lieat, the mercury again contracts, leaving the 
space between the top of the column and the extremity 
of the tube a vacuum. 

So far as the formation of the tube and the prepar- 
ation of the mercury is concerned, the thermometer ia 
now complete, and by exposure to any variations of 
temperature, tbe column of mercury in the tube may 
rise and fall ; but it is necessary to provide 
X and easy means of measuTing the variations 
> column. As we suppose the tube to be uni- 
y cylindrical, a scale of ei^ual divisions attached to 
old accomplish this purpose; but such a scale would 
*Iy pve the variations of temperature relative to one 
tnameter, and would not be capable of indications 
llich observatianE at different times and places might 
mpared when taken with instruments similarly con- 
To render the results of different thermo- 
ax, thus constructed, capable of being compared one 
B another, it will be necessary to select some points 
mpeiature, by reference to which all therraometerg 
r be graduated. 

US suppose that the inelrument, as already de- 
, is plunged in a vessel containing melting snow 
or ice. It niil be observed, that the mercury in- the 
tube will gradually descend until it arrives at a certain 
point, at which it will remain stationary, neither as- 
cending nor descending, so long as any portion of the 
snow or ice remains to be dissolved. When, however, 
e whole of the ice or snow ia liquefied, and the con- 
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tents of the vessel become pure water, then the ther. 
tnometer will be observed gradually to rise until it 
attains tbit elevstiou at which it would stand if it w 
placed in the atmosphere of the apartment in which the ' 
exjwriment takes place. The inference from this a. 
periment is, that, so long as the process of liquefactioD 
continues, the temperature remains constant, but after 
the liijuefaction is complete the superior temperature of 
the apartment causes the water to become hotter ; and 
this increase of temperature continues until the w 
the vesBelj and the air in tile apartment, acq^oire the 
same temperature. Now, it is found that the pcdntat 
which the column of mercury fixes itself, when im- 
mersed in the melting ice, is invariable under all e 
cumslances. In whatever part of the world the expe. 
riment be tried, and at whatever season, and whaterer 
be the temperature of the apartment, still the o 
will stand at the same height. This, therefore, fiir- 
nishes a lined point of lemperattue, which a 
tained in all countries, and under all circumatanott. 
This fixed point of temperature, being marked in fte 
scale attached to the tube, is called Ihe freezing pi 
the temperature of melting ice. 

Let a vesBel of pure water be now placed on a fire, 
and let the thermometer be immersed in it. It will be 
observed, that the column of mercury in the tube will 
gradually rise, acco^Ung as the water receives heal from 
the Are, and this ascent will continue until ebuUitiDn 
takes place. It will be then observed, that, however 
long a time the fire continues to act on the vessel, the 
mercury will no longer rise, nor will the intensity of the 
"re cause any difference in this effect. The mercury 
rill remain steadily at the same point until the whole of 
le water escapes in steam, and the vessel remaini 
mpty. From this experiment we infer, that there is 
temperature beyond which water is incapable of rising, 
} long as it remains in the liquid state; and that the 
whole of the heat communicated to it, after it has at- 
tained this point, is carried off by the vapour into which 
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ihe water is converted. If this experiment be repeated 
under like circumsl&ncea, it is invariably found that, in 
til couDtriea, and at bII seasons, the mt^rcury, when the 
thermometer is immersed in boiling water, will always 
stand at the same poinL Tbis, (ben, is another ilxed 
point of temperature, which may be determined at all 
times, and in ttU places, and is called the boiling point. 
Let the point at which (lie column of mercury stands^ 
under these circmna lances, be marked on the scale. 

The interval between the freezing and boiling points, 
thus ascertained, is the portion of the tube which cor- 
responds to the expansion of the mercury between these 
two points of temperature, and tliis expansion is neces- 
Miily always the same; consequently, the proportion 
trbich the capacity of the tuiw between these two points 
bears to the volume of mercury contained in it at the 
temperature of melting ice must always be the same. 
If a number of different thermometers, prepared in a 
manner similar to that already described, be submitted 
to this process, it will be found that the intervals between 
the freezing and boiling points in them, severally, will 
diS^ in length. The capacities uf the tubes, between 
these points, however, will always bear the same pro- 
portions to the capacities of those parts of the instru- 
ment below the freezing point, including the bulb. This 
is a necessary consequence of the uniform expansion of 
mercury when subioitted to the same limits of temper- 
ature. It is ascertained that, between the boiling and 
freezing points, the expansion of the mercury amounts 
to one sixty-third part of its bulk, at the temperature of 
mdtinK ice ; consequently, the capacity of the tube, be- 
tween the temperature of melting ice and boiling water, 
must always be equal to one sixty-third part of the ca- 
pacity of the bulb, and that part of the tube below the 
loark indicating the temperature of melttng ice. The 
difltrent lengths of the intervals in different thermo- 
meters between the freezing and boiling points wUI, 
therefore, arise from the different proportions wliich the 
capacity of that part of the tube bears to the capacity 



of the bulb, and the portion of die tube below the muk 
indicating tlie freezing point. 

Thermometers thus constructed would, at bU timei 
»nd places, delerminc the temperatures of all bodia 
whatsoever, whose temperatures were e^ual to thoae 
jmrtieiilir ones which have been marked on the scalf. 

Instruments thus constructed would determine, villi 
certainty, whether the temperature of bodies to whici 
they were exposed were greater or less than thogeoF 
melting ice or boiling wa'^r ; but could two philv- 
Bophers, instituting experiments in difTerent coantries 
corresponding with each other, declare the exact quU- 
tity by which the temperature of any body to which 
the thermonieter was exposed exceeded or fell abort of 
thoae flxed temperatures ? To do so, be would ni- 
turally enquire by what proportion of the whole inwrvil 
between the freezing and boiling points the colanu 
stood above or below either of these fixed terms. Thui, 
if he were able to declare that the column stood Eta 
point between the fixed terms at a distance above the 
freezing point equal to one third of the whole dis- 
tance between the freezing and boiling points, he would 
enable another phOosopher, in a distant country, to 
repeat the same experiment, and to compare the reaultt 
In order, therefore, perfectly to estimate these pro- 
portional distances, the scale attached to the thermomclet 
is further divided, and the interval between the temper- 
atures of melting ice and of boiling water is divided into 
a number of equal parts previously agreed upon ; and 
that being done, the same divisions are continued abort 
the term of boiling water, and below the term of 
melting ice. The number of divisions into which tbe 
interval between the fixed points of temperature is 
divided, being altogether arbitrary, has been difierently 
determined in different countries, and by the diHcrenl 
contrivers of thermometers. The thermometer com- 
monly used in this country, and called Fakrenheit'i Ilia- 
momeler, has this interval divided into 180 equal 
; and these divisions are continued 
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wards anil downwards. Thej are not, however, nume- 
rated connnencing from either of those fixed poinlB of 
temperature, bnt the numeration commences at the 
thirty-second division below the freezing point, so that 
the freezing point is 32° and the boihng point 21:^°. 
The origin of this circumstance will be stated hereafter. 
The centigrade thermooieter, used in France, has the 
intervala between tlie fixed terms divided into 100 equal 
partB called degrees, the numeration commencing at the 
freezing point. The themioineler of Reaumur, ge- 
Itefally used in other parts of Europe, has the intervals 
divided into 60", the numeration commencing Ukewise 
St the freezing point. In all thermometers, the degrees 
below that at which the numeration commences up- 
wards are called negative, and are marked hy the sign 
— prefixed to the number. Thus, — 10° means l6° 
below that degree at which the numeration upwards 



On the slightest consideration it will be perceived, 
that however thermometers may vary in the intervals 
between the freezing and boihng points, they must, if 
constructed in the manner juat described, agree in their 
indications of temperature. If two thermometers having 
difierent intervals between these points be immersed in 
melting ice, they will both stand at the freezing point. 
If they then he both transferred into the water at a 
temperature exactly midway between that and the tera. 
perature of boihng water, the mercury, expanding in the 
aaae proportion in both, will dilate by exactly half that 
quantity which it would dilate were it exposed to the 
temperature of boihng water ; consequently it will stand 
■t the middle point exactly between the fixed terms of 
the scale, and, consequently, upon Fahrenheit's scale, 
it will indicate the temperature of 122°, being 90" 
■bcve the freezing point, and 90° below the boiling 
point. In like manner, if the thermometer were im- 
mersed in water having a temperature exceeding the 
temperature of melting ice by one third of the excess 
of the temperatureof boihng water above that of melting 



ice, it la evident that the mercury will 
diraugh one third of the intervals between the fiwH 
terms, and, consequcritly, would ascend through s space 
equal to 6(1° of Fahrenheit above the freezing pmnL 
It wQulil, therefore, atsnd in both at the tempetMuteof 
93°. This reasoning may easily be generalised ; and itwQI 
be aiifllciently apparent that the indications of diffeicit 
thermometers will be the same, whatever be the length 
of the interval between the fised terms of their scalei. 

These arrBngementa being msde, it will be perceivad 
that all thermometers thus conetructed, however dif- 
ferent they may be in size, in the capacity of thar 
bnlbs, or in other circumstances, will always be com- 
parable with each other. Experiments performed ii 
different parts of the world may, therefore, be commo- 
nicated from place to place, and repeated, with the 
certainty of an exact correspondence; and all the «iL 
vantages arising from muItipUed experience will thai 
be abtaincd. 

Various other liquids besides mercury have beeB 
employed in the construction of thermometers; but 
the seversl conditions for the attainment of accuracy 
which have been explained in reference to the mer- 
curial thermometers, are for the most part generally 
applicable to all liquid thermometers whatever. Al- 
cohol, or spirits of wine, is a liquid not uncommonly 
used for thermometers. Its inconvienetice, however, for 
ordinary purposes, ia that it boils at a temperature below 
that of boiling water; and, consequently, it will not 
admit of a scale so high as this temperature. By 
adopting the precaution of excluding the air from the 
tube by the method already explained in the mercurial 
thermometers, the spirits of wine may, however, be made 
to indicate much higher temperatures than is commonly 
supposed. They may be raised to the temperature of 
boiling water, or even above it. If the air be perfectly 
excluded from the tube when the temperature is raised 
above the boiling point of alcohol, the upper part of the 
I tube will be occupied exclusively by the vapour of 
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alcohol, which will be raised by ifie heat. The pressure 
of tllis will prevent the remaining Epirit from boiling ; 
BBcl, ttieincreaseof temperata^enotbeil^gliInitedbyebuU 
litioIl, the liquid will continue to be indefinitely dilated. 
The iodications of such a therm ometer, however, at a 
higher temperature, are not, hke those of mercury, 
equable. The scale, therefore, if intended to indicate 
equal variations of temperature, should not be resolved 
into equal divisionE, but should be divided experimentally 
by comparison with a mercunal thermometer. The 
cause of this ha9 been already explained in our chapter 
on the dilatation of liquids. As we approach the boiling 
point, the rate of their dilatation seni^ibly increases, so 
that equal changes of temperature would correspond to 
increasing divisions on the scale. 

It is of the most extreme importance, in the con- 
itrnction of mercurial thermometers, that the fixed 
tetins of melting ice and of boihng wa«>r, which are, in 
fact, the foundation of the accuracy of the instrument, 
diould be determined with great care, and should be 
rendered independent of all causes which could produce 
leeidental variation in them. 

In determining the freezing point, care should be 
taken not to confound the temperature of melting ice 
with the temperature at which water begins to fVeeie. 
It will be explained hereafter, that, under certain cir- 
cnmstanceB, water may be cooled condderabty below the 
temperature of melting ice before it becomes soUd; and, 
consequently, the temperature at which it freezes or 
K^di^es cannot be considered as fixed. 

The temperature, however, at which ice or snow 
melts is constantly the same, provided the water of 
which the snow or ice is formed be perfectly pure. If 
this water, however, hold salts in solution, it will freeze 
■t lower temperatures, and, consequently, it will melt at 
lower temperatures. Rain water or pure snow, when 
melted, will, however, always give the lower term of the 
thermometric scale, without any liability to error. 

The determination of the higher term of the scale 
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is, however, attended with more difficoltji and with moK 
numerous causes of varialion. It is, in tlie first placg, 
necesssrj that the water ahould be pure and free from 
a]] admixture with foreign subEtances. Thus, natEi 
charged with salta will boil at tcmperatiirea diSeKnl 
from pure water. It is necessary, therefore, that tit 
water with which the experiment is made ahould be 
either rain water or disdiled water. 

There is, howeTcr, another cause which more twi> 
BtanCly affects the temperature at which water boila. It 
will appear in the foUowing chapter, that the presrati: 
exerted on the surface of the water, whether of ihetl* 
mosphere or from cnndensed or rarefied air, will aSefl 
its boiling temperature. If this temperature be increased, 
the water will receive a hip;her temperature before it will 
boil ; and if it be diminished, it will, on the other hand, 
boil at a lower temperature. Thus, water in an eib 
hausted receiver will boil at a much lower temperature 
I than when exposed to the atmosphefe. These ciroum- 
I stances will be more fiilly lietaileil in the next chapter; 
taut, for the present, it will be sufficient to alluda U 
them,, in order to explain why the pressure of the tt> 
mosphere must be attended to in determining; the bolBllg 
point on a thermometric scale- The barometer, fnn 
day to day, and from hoar to hour, is subject to flucln- 
ation, and a corresponding change takes place in the 
preseure of the atmosphere ; consequently, although thii 
variation, being small, cannot affect the temperature at 
which water boils to any considerable extent, yet it doei 
affect it so much as to render it an object of important 
calculation in determining an element such as that now 
under consideration, upon which the accuracy of lU 
thermometric inilicatinns must depend. I'o determiiK 
this fixed temperature, therefore, it will be necessary 
either to recur to some phenomena not affected by the 
atmospheric pressure, or to select some determinate 
pressure of the atmosphere, or height of the barometer, 
at which the flxc<l temperature must be taken. An alloy 
of two parts of lead, three of tin, and five of bismuth, 
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was found by Newton to be fused at a fised lempcr- 
sture neBrly equal to that of boiling water. As this 
fiision is not affected by the atmospheric pressure, it 
might be taken as the means of tietermiiiiiig the boiling 
point on a ihermometer ,' but it is more convenient to 
tiole the temperature of boiUng water, and at the same 
tinie to observe the height of the barometer. If it be 
■greed that the bailing point be taken when the baro. 
meter stands at a given altitude, as at 30 inches, then, 
Sy knowing the law st which the temperature of boiUng 
water varies, with reference to the varialian in the pres. 
rare of the atmoephere, it will be easy to reduce tha ' 
boiling temperature under any pressure to that with thtt 
preiBUre agreed upon. The pressure recommended in 
the directions published by the Royal Society for the 
awwtraction of iJiermometers, is that of the atmosphere 
when, the bmometer stands at Sp'S inches. 

The temperature at wliich water boils is varied, in 
■ante degree, according to the material of the vesseli 
which contain it, and also according to ealid suh- 
K&Dces which may be mixed wiih it, though they may 
not be held in aoluliun. If distilled water be boiled in 
■ vessel of glass, the process will be observed to go on 
irregularly, and with apparent diffictdty. IVlien thefire 
it removed, and the temperature lowered, it may he 
lEstored to the state of ebullition by throwing into it 
lame iron tilings. Nevertheless, though it thus boils, 
it* temperature is lower than that which it had when 
bcBied in the glass before the iron tilings were intit)- 
dnced. I d terra n bod g point on the ther- 
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Ipmperature of the melting ice, while the merciiry in 
the tube would have the temperature of the autrounding 
air; consequently, the column would stand at a greUa 
altitude than that which it would have were it all at tbe 
Mine temperature. It in possible, hy calculacion, a 
allow for this diSerence ; but it is more ef^tnal, and 
more conducive to accuracy, to tmmerse the whde 
thermometer in the fluid. 

The accurate determination of the boiling point re- 
quires sdll further precautions. It appears, from wh»l 
has been stated in the preceding chapter, that when xbt 
water containi.il in the vessel boila, the strata at diiferenl 
depths have different temperatures; and if the instm- 
raent be immersed vertically, the mercury in the bull) 
will have a higher temperature than (he mercury in ibt 
tube. It is necessary, therefore, if the thermomeiR 
be immersed in the fluid, that it should be placed in 
the horizontal poeition, and not immersed to a greater 
depth than is necessary lo cover the bulb and tube. 
This positioD, however, is one which render? it ex* 
tremely difficult to observe with accuracy the height of 
the column. The fact, which will be proved hereafter, 
that steam raised from water has the same temperatuie 
with the water from which it proceeds, furnishes ait 
easy means of fixing the boiling point. Let the thw. 
momeler tube be inserted in the nech of a vessel, bo 
that the bulb shall reach nearly to the surface of tbi 
water, and let another orifice be provided throu^ 
which the steam may escape into the atmosphere. This 
done, let the water be boiled, until the space ia iht 
vessel above its surface is completely filled with sleain, 
as will be shown by the rapid escape of the steam fronl 
the orifice provided for that purpose. The thermometer, 
including the tube and bulb, is now surrounded by an at- 
mosphere of steam raised from the water under a pressure 
equal to that of the atmosphere. This steam has the tmc 
temperature of the boiling water ; and, by drawing the 
tube upwards through the orifice in which it plays, the 
height of the mercurial column in the tliermometer mtj 




be markeil with tlie utmost, accuracy, and thus the 
bailing point may be determineiL 

■ ' 1 of the column in the thermometrio 
nibe, strictly speaking, arisea not from the expansion of 
Ihe mercury alone, but from the difference between the 
npsnaiona of the mercury and glass. It is clear, that 
if ft given change of temperature dilated equally tlie 
glass of the tube and bulb, and the mercury contained 
Id it, the height of the column woulii not be varied ; 
become, in the same proportion as the dimensions of die 
mercury would be increased, the capacity of the tube 
and bulb would be also increased : but, in fact, although 
the tube and bulb undergo an increase of dimension 
ftoto every change of temperaiuru, that increase IB ex- 
tremely small when compared with the dilatations of ths 
iDercury ; and, consequently, notwithstanding that moie 
toara is tnsde for the fluid by the ililatalion of the glaea, 
yet still, the room not being nearly sutficient, the raer- 
ewrj rises. Nevertheless, although the variationa of 
(he mercurial column are not absolute indications of 
the dilatation or contraction of the mercury, yet it so 
happens, that, under all the changes of temperature to 
which a mercurial thermometer can be submitted, the 
dilatation of glass is in the same proportion as the dila- 
tation of mercury ; and, conseguenlly, the change of 
volume of the mercury bears a fixed proportion to the 
change of capacity of the tube ; anil the variation In 
the height of the column contained in the tube l>ean 
also the same proportion to the variations which it would 
nndergo if the glass suflered no expansion or con- 
traction. The apparent dilatation of the mercury, or 
the difference between the dilalations of the mercury, 
and glass, between the freezing and boiling pointa, 
amounts to one sixty-third part of the volume of mer- 
cury at the temperature of melting ice ; and the actual 
^lalation of the mercury between these limits of lera- 
persture is somewhat less than this, being y^",'^ parta 
of the volume of the mercury at the temperature of 
inehing ice. 
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The fvt, tbitl the indications of the thermometer m 
independent of the absolute expansion of the gUM 
which formi it, b a matter of great imporlance ; be* 
cause it shows that the accuracy of therniometen dott 
not depend upon the species of glass of Khirh they tx 
formed. Hod it been oiherwise, one of the ctontlitioH 
necessary in the constniclion of a thermonieler would 
be, that the glass should be manufactured of elements 
precisely alike in all cases. That, however, i« bjr na 
means necessary. Different kinds of glass undei^ dif- 
ferent degrees of expansion by change of temperature; 
hnt they will expand proportionally to each odier, tnd 
propoTEiuiially to the expansion of mercury within ihos 
limits of temperature to which mercurial thermometen 
are applied. 

It Kill be perceived, from the reasoning that has been 
pursued upon this subject, that the indications of iQ 
thermometers whatever would necessarily correvpont 
even though the fluid from which ihey are formed were 
different, provided only that the rate of ila expanaioD 
correspond with that of mercury. A thermometer of 
■pirits of wine, within that part of the scale throu^ 
which the dilatation of that fluid is uniform, would m- 
cessarily correspond with the mercurial ihermometeii 
The difference would only be in the length of the scale, 
or, in other words, in the distances between the freering 
and bailing points. In the cose of spirits of wine, how- 
ever, the rale of dilatation approaching the boiHug ptunl 
of water is not uniform, as has been already stated. 

It may, possibly, be thought that the preceding de- 
tails respecting die construction and use of thermo- 
meters may be elaborately minute, and that an insIrU' 
ment apparently so trilling as a glass bulb blown on 
the extremity of a tube, and partially tilled with quidc- 
■ilver, could be described, and have its properties ex- 
plained, in a much more limited space. It should, how. 
ever, be remembered, that, trifling as this inatrumenl 
nay appear, its uses are, perhaps, more extensive, ami 
MiiUy not less important, than any other means Ot 
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experimental investigation by which we are enaliled to 
Kratinise the laws of nature. There ii no ileparttnent 
of natural science where ex.periment and ohEervatioa 
ue the means of knowledge, in which the indications of 
dusinBtrumentarenotabaoIutely indispensable; and this 
most be apparent, if it be considered how essentially the 
nates of aU bodies, whether tliose contemplated in me- 
dianical science, in chemistry, nay, even in medicine 
and the natural sciences, are aS'ecied both by the ex. 
temal application of heat and its internal development. 
Widiout the thermometer, we should possess no means 
of determining those changes of effects better than the 
veiy fallible and inaccurate perceptions of the senses; 
percepdons which, as it will hereafter appear, depend 
much more upon circumstances in our ever-changing 
■tates of body, than on the states of the bodies around 
BJ. In physics, the thermometer is indispensable in 
•luoBt every experiment. In the laboratory, the che- 
mist can scarcely conduct a process with any degree 
of philoaopbical accuracy without an observation of 
teatperatures. In the observatory, the astronomer 
who ii ignorant what effects changes of temperature 
prodsce on the indications of the large metallic in- 
(tnmientB which he uses, — instruments so highly sua- 
c^tible of dilatation and contraction — would be aur- 
nnnded with sources of error, of which it would be 
imposmble for him to estimate the amount, or even k* 
detect the existence. Even the aspect of the heavens 
diangeti its appearance in obedience to the fluctuating 
temperatures of air ; nor is there a single object in the 
flnnamenC seen in the same position for two successive 
bmira, and never in the true position which it would 
lla*e independently of the effects of heat. The vicia- 
diudcs of heat and cold, to which the atmosphere is 
vtject, musi, therefore, be appreciated before the ob- 
Hfrer can pronounce on the position of any celestial 
et)]ect; and to this there is no gui<Ie but the ther- 
BUtmebric tube. The naturalist, in investigating the 
pn^peities of the various daBses of orgatiiaed. ^no^mt 
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Wlwa tbne and uiuneiuut odur ooRddeTaiiom m 
aDed to tmad, it wiS Karcdj be deetned inapptopmt^ 
ersi in ■ vorlc of ■ popnlur nature, to enter into the i]e. 
cijk which hsre beoi here pteo n^tecting the constnic 
tion and use of thif iosinimrat. For the same reMOH, 
It niav not be muntensling to the general reader Ehortlj 
10 tfafe the hiftorj of the iniention and improTemett 
ttf tbtnaometen, beftire we omchide this chapter. 

Ide other inTentions of tct^ eileiuiie utility and 
MnMMe due, that of the therrnomeler is ilispnted bjr 
manjr cantendjng daimaiils ; and. like other inrention^ 
the merit ii not to be ascribed to one person, but to Ic 
distribnted among mani. The Eeveral arrangemena 
which render the instnunenl useful and sceuraie as i 
roeatutc of a degree of temperature were suggested iae> 
oessively, and adopted through a long period of time, 
and tome of the Utest of them hare not been of «etf 
remote date. 

The notion of using the c:cpan£ion vf a lii]uid con- 
l^ned in a bulb and tube of glass, as a means of indi- 
caiing chanf^s of temperature, is said by some to haw 
been first suggested by t^omelius Urebbel, a resident at 
Alkmaer, in Holland. He is said, by Boerhaave and 
Mufichetibroek to have invented thermometers about llu 
year 16*00. Some Italian writers, also, assign this ho- 
nour to Drebbe!, but others give the credit of the inven- 
tion to Galileo; while it is asserted by other Italian 
aulhoritiei, including Borelli and Mslpighi, that iha 
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merit of (he invention is due (o Sanctorio, a well knotvn 
medical professor at Padua. Sanctorio, indeed, claimi 
the invention himself, and the Florenlinc academicians, 
BoreHI and Malpighi, are witnesses not likely to be 
tuassed in favour of the Patavinian profceBor. 

The thermometer of Sanctorio was formed of a glass 
bulb and tube, in which the air was first rarefied in ■ 
■l^ht degree by the appUcation of heat. The end of 
the tube waa then plunged in a coloured liquid, which, 
when the aii contracted by cooUng, was forced up into 
the tube by the atmospheric pressure. The tube was di- 
vided into a number of equal parts, called degrees, 
^^en the temperature of the medium surrounding the 
bulb was raised, the air included in it expanded, and 
tile coloured hquid was forced downwards in the tub£. 
HTiem the temperature surrounding the bulb, on the 
other hand, was lowered, the air losing some of iU 
elasticity, the Uquid was forced higher in the tube by the 
atmospheric pressure. The numiter of degrees on the 
tube through which the coloured liquid moved were 
taken as the indication of the changes of temperature. 
Thus the thermometer of Sanctorio was, in fact, an air 
thennometer. Its indications, however, were neces- 
sarily affected by the changes in the atmospheric prea- 
snre, as wel! as by change of temperature. At the same 
temperature, an increase in the atmospheric pressure 
would cause the column to rise in the tube, and a de- 
crease would cause it to fall. Such an instrument, 
therefore, when used as an indicator of the variations of 
temperature, should always be corrected with reference 
to the changes in the thermometric column. This ther- 
mometer has no fixed points of temperature, nor coold 
the iudications of one instrument be compared with 
those of another, nor with itself, after any derangement 
or change of circumstances. 

About fifty years subsequently to this, the Florentiite 
profeasors constructed thennomclers of spirits of wine, 
and excluded from them the air in the upper part of 
the tube by the manner already explained with refer- 
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r, dming ifae proeea o[ 
boQiag muler tlw sud« circiiiiistUKci, retairiB [he une 
tonperacwc TlieM two tonpennim, depending npoa 
fixed phfuomena nU a^cted by diiuige of time m 
pkce, funiished coDtenicDt lUnduds by which ttw 
fixed poinis upon thennonteters might be determined; 
■nd as fuch the; were first rccoio mended and adopted 
hf Newioti. As the process of fusioD and evaporation 
of all bcdie« are attended with the same peculiar eSecti 
IS thoite of water, their temperatures during these aUtet 
of transition might with equal convenience be taken m 
the Ktandwdi for the fiied points of theimometers ; but 
water, being a tuhstaoce always attainable and Msly 
rtduced to a jiure state, has been selected by common 
consent, in preference to other boilies. 

The same unanimity hait not prevailed respectang I&e 
divlilon of the scale. It would have been u matter of 
great convenience, hail all nations agreed to dividu the 
intorval between the boiling and txeezing pointa of 
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tbennometerE into the same number of equal parte ; buE 
BDch a convention was scarcely to be eipecied. When 
F«hreD)ieit ailopted the fixed points suggested by 
HemtOTi, it was supposed that the greatest degree of 
cold which was attainable was that of a mixture of 
snow and common bait, or snow and sal ammoniac, A 
thennometer, when plunged in such a mixture, was ob- 
Krved to fall considerable? below the point at which -it 
stood in melting ice, and at which temperature Fahren- 
heit detennined to commence his scale of numeration 
upwards. The interval between this and the tem- 
perature of melting ice is divided into 3S equal parts 
or degrees ; so that upon this scale the temperature 
produced by mixing snow and common salt is 0°, whife 
the temperature of melting ice is 32°. He continued 
these equal divisions upwards, and found that when the 
themiometer was immersed in the steam of boiling 
water, the barometer standing at about 30 inches, 
the mercury in the thermometer stood at 2] 2°. Thns 
Ihe interval between the freezing and boiling poinb 
wi» 180°. Temperatures have since been experienced 
much lower than tliat obtained by the mixture of enow 
and common salt, and hence it has been necessary to 
continae the scale below the 0° of Fahrenheit. De- 
grees below this point are called negative degrees, at 
elreadj explained. 

The scale as adapted by Fahrenheit has continued in 
general use in thie country to the present day ; and in 
all English works on science, as well as in the arts, 
nutufactures, and medical practice, the thermometer 
used is Fahrenheit's thermometer, and the freezing and 
boiling points are 32° and 219°. The thermometer 
generally used in France before the revolution, and still 
used in many parte of Europe, was constructed by 
Reaumur early in the ISth century. The liquid used 
by him was spirit of wine ; hut, fiubeequenlly, mercury 
was substituted for this by De Luc. The Exed points on 
tbb instrument were likewise the freezing and boiling 
points of water, the scale proceeding upwards. The 
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equal parts, called degrees. Thus, the freezing point of 
water was 0°, and its boiling point )J0°. The degm I 
in this thermonteter were longer than those in Fahnn- 
heit, in the proportion of 2| to J. To convert a (em- 
peratore indicated upon Iteaumur into the corretponding 
temperature upon Fahrenheit, it would, therefore, te 
necessary to muliijil^ the degrees upon Reaumur hj Sj, 
and to add to the product US", to allow for the distuiK 
of the points at which the scale commences. On tht 
other hand, to reduce Fahrenheit's degree to Resumilt, 
it would be nec^sary to subtraet 32, and to diminiib 
the remainder in the proportion of 2i to 1. 

About the middle of the eighteenth century, Celsitis, 
a Swedish astronotner, constructed thermometers, in 
which he commenced the scale, like Reaumur, at the 
freeaing point of water, and divided the interval be- 
tween the freezing and boiling points into 100°. Thi* 
thermometerwasadoptud, after [he revolution, in France, 
under the name of the centigi'ade Ihermomeler. It har- 
monised with the uniform decimal system of weighla 
and measures, adopted in that country, and has been 
dnce that time in general use there. 100° of the cen. 
tigrade are equal in length to 180° of Fahrenheit, To 
convert the temperature on the centigrade into the Cor- 
responding temperature on Fahrenheit, it would then be 
necessary, first, to increase the number of degrees in the 
proportion of 100 to ISO, or, what is the same, 5 » 9, 
and to add to the result 32°, to allow for the difference 
between the points at which the scale commences. To 
convert a temperature on Fahrenheit into the corre* 
■ponding temperature on the centigrade thermometer, It 
wotdd be necessary to mbtract 31°, and to diminish the 
remainder in the proportion of 9 to ^- 

Thermometers are sometimes constructed in iMs 
coantry, for scientific purposes, to which all the three 
scales are annexed. I'he reduction, however, of equi- 
valent temperatures one to the other id a measure of 
ay arithmetical calcnlatiot\ ■, arvd hctween the limitB of 
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ilS" and 40" heiow zero of Fahrenheit, the rednctioa 
may be immediately made, witliout calculation, by tables 
which will be found in the Appendix to this volume. 

Like all thermometeta whose indictitiooB depend upon 
die dilatation or contraction of a liquid, the range of 
the mercurial thermometer is limited Co tbe points at 
vhich mercury freezes and boiU. These poiots, how- 
ever, as has been already said, include between them a 
range of very great extent, throughout nearly the whola 
of which the indicatione of the thermometer arc uni- 
form. The freening point of mercury is placed at 
■bout — 39° of Fahrenheit, or 72" below the freezing 

Mercury hods at 660". Thus the range of the ther- 
fDameter includes about Tf^*^" of Fahrenheit. The di- 
latations of the mercury, as it approaches its boiling 
pmnt, go on at a slowly increasing rate ; but this in- 
crease is compensated for by tlic expansion of the glaaa 
in which the mercury is contained, in such a manner 
dut flie apparent dilatation shown by the actual ascent 
of the column in the tube is really uniform, an<l the 
tame which would talte place if the glass did not ex- 
paud at all, and the dilatation of the mercury were ab- 
•olutely uniform. A thermometer intended to measure 
temperatures below the freezing point of mercury may 
be conatructed of spirits of wine or alcohol. No at- 
laiiiable degree of cold has ever yet reduced this liquid 
10 the solid state, and a thermometer filled with it may 
be graduated, by comparison with a mercurial thermo- 
meter, above the freezirig point of mercury ; and its 
indications below the freezing point will thus be ren- 
dered capable of comparison with the indications of a 
mercurial thermometer. 

Thermometers whose indications depend on the di- 
latation of air are rarely used, except for peculiar pur- 
paies in which minute variations of temperature otJy 
ve required Co be obtained. We shall have occasion 
hereafter to notice an ingenious instrument of this 
kind, which has been successfully applied by sir John 
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A TRBATHE OK I 

Leslie in his icresligations concerning the propertiaol 

Since mercury Irails at a higher lemperature ihu | 
tmy known Uquid, it foUows that no liijuid ihermomcttr 
can indicate hifiher lemperaiures than that of 060° Fihi. 
To determine temperatures above this, the dilalaljoa of 
wtlids has generally been used ; and inGtruments founded 
upon this principle are commonly called pi/romeler*. 

One of the mwt perfect of these instruments bu 
been already described in page *3., by which the 
changes of temperature are indicated by the diSbrenv 
of the expansions of two meials. Such an instrumait 
would indicate all temperatures below that at which 
the more fusible metal melta. 

A pyrometer invented and applied by Mr. Wedg- 
wood, founded upon the fact, that certain eluroinoas 
day contracts when submitted to a. fierce heat, and 
tliat the degree of contraction is proportional to the 
intensity of the heat, has been aheady mentioned, 
This means of measuring temperature has, however, 
been long laid aside, for reasons which have been ex* 
pUined in page Hi. 

In the use of the thermometer, and in the inferences 
drawn from its indications, care should be taken not 
to assume that the quantity iif caloric introduced into 
^e bcKlies is represented by the degrees of the thermo- 
meter. We shall liereafter show lliat caloric may be 
introduced into a body without affecting the tbermo- 
meter at all, and also tliat different quantities of calom 
introduced into different bodies aQ'ect the thermometer 
equally. " Degrees of temperature" are, therefore, la 
be carefully distinguished from the " quantity of heat ;" 
ond the thermometer must be understood as a meanue 
of temperature, and not aa a measure of heat. When 
iwo bodies are said to undergo the aame increase of 
temperature, it is not meant that these two bodiet 
receive the same increase of heal, but merely thai they 
undergo such a change, witli respect to heat, thml Aej 
are capable of causing a Ihcrmomcier exposed lo them B 
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mdergo the same d^%e of expansion. Again^ if a 
diermometer be immersed in melting ice and observed 
to stand at the temperature of 32^, and the same 
fiiermometer be surrounded by the steam of boiling 
letter and be observed to stand at 212^, we declare 
Aat the temperature of boiling water exceeds the tem- 
perature of melting ice by 180^; the meaning of which 
is, that the state, with respect to heat, of boiling 
water compared with melting ice is such as to cause a 
quantity of mercury transferred from the one to the 
other to increase its dimensions by about one sixty-third 
part of its whole bulk at the lower temperature. 
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LiaUBFACTION. 

Our attention has been hitherto confined diieflf tB 

those changes which heat produces in the dimenmoT 
hodiea, without reference to any change of state ; and we 
hava found, with a few strildng exceptions, thU ft coA- 
tinued increase of temperature produces s coDtinucd 
increase of dimension ; and, contrarily , that a continueil 
diminution of temperature produces a continued dimi. 
nution of dimension. This law of expansion and con- 
traction is indifferently applicable to bodies whether in 
the Eohd, hquid, or vaporous state. We shftll now pro- 
ceed to the consideration of some changes of a natnre 
different from those expressed by the words dilatation 



Let us suppose a mass of ice at the temperature of 
SO" to be placed in a vessel, and immersed in a batli of 
quicksaver* at the temperature of 200°, and let a 
thermometer be placed in the quicksilver and another 
in the ice. The thermometer immersed in the ice will 
be observed graduaUy lo rise from 20" upwards, while 
the thermometer immersed in the mercury will gn> 
dually fall from 200° downwards. When the thw- 
moiDeter immersed in the ice has risen to 33° it will 
there become stationary, and the ice, which had hith«Tto 
remained in the solid state, will begin to melt tnd be 
converted into water. This process of liquefaction will 
a considerable time, during which die 
ibermomeler immersed in the ice will constantly stuid 
at 33^, but the thermometer immersed in the mercarf 
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} iaH. At the moment that the Inat 
portion of ice is liquefied, the thermometer immersed 
in il, hitherto stationary at 32°, will begin again to 
rise. The coincidence of this ascent of the ther. 
mometer with the completion of the liquefacdon of the 
ice msy be very easily observed ; because the ice, being 
lighter, bulk for bulk, than the water, will float on the 
turface, and so long as a particle of it remains unmelled 
it wiU be distinctly seen. After the liquefaction is 
completed and the tftcrmometer immersed in the water 
begins once more to ascend, the two tlieimometera will 
Rt length indicate the same temperature, — that which is 
immersed in the mercury having fallen, and that which 
is immersed in the water having risen to the same point. 

During the whole of ihia procesB, the mercury con- 
tinually loses heat, as is proved by the uninterrupted 
fall of the thermometer immersed in it. From the 
Ciwiiiiencement of the proceEs until the liquefaction of 
the ice begins, and likewise from the moment the 
liquefaction is completed, until the thermometers meet, 
the ice or water couBlantly receives heat. But, during 
the process of liquefaction, the Iherniometer immersed 
to the melting ice alFords no indication of heat received. 

The heat dismissed by the mercury is satisfactorily 
accounted for by the heat received by the ice or water, 
except during the process of liquefaction. Now, daring 
that process, the mercury certainly dismisses heat as 
fut and as abundantly as either before it begins or 
after it terminates; yet there is no evidence of any 
heat being received by the melting ice. The heat 
which the mercury loses during the process of lique- 
bclion must, nevertheless, either be imparted to the 
melting ice without increasing its temperature, or to 
die vessel containing the mercury, and to the surround. 
ing air. That the latter is not the case may be easily 
proved. Let the rate at which the thermometer im- 
mersed in the mercury falls while the ice is melting be 
observed, and let the vessel containing the melting ice 
be then withdrawn from the "mercurial bath, Tlie 
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tllt'rinometeriinnierseilin ihe mercury, insleoil of falling 
rapidly, as it did before, will become near!; itadonuT, 
Jf, however, the heat lost b; the mercnry were iiB- 
parted to the air and other surrounding objects, ud 
not to (he melting ice, the therm omeler in the maeatj 
would descend as lapidJy after the removal of &t In 
as before. 

The solution which wjs i^roposed for this pheo^ 
menun by Ur. Ulack, and which has been confirmed bj 
numerous and irresistible proofs, is, that the heat loEt bj 
the mercury is ai'tually received by the ice during ju 
liquefaction, although it is not received by it in such t 
manner as to affect the thermometer. 

The following experiment will likewise illustrate the 
same fact : — Let a spirit lamp be applied to a niereuriil 
bath, so as to maintain it constantly at the fixed t£ 
perature of S00°, and let the vessel containing ice 
immerEeil in it as before. The thermometer ii 
in (he mercury will now be kept atadonary at SSKf, 
while the thermometer immersed in the ice will unde^ 
the same change as before. It will first rise from 20° 
to S2°, when it will become stationary, and the procen 
of liquefaction will commence. When the liquefactiiBi 
has been completed, it will again begin to rise, and will 
continae to riae, until it attains the limit of S00°. Now, 
it csTmot be doubted that, dnring (he whole proceas, the 
mercury maintained at S00° eonatsntTy imparts heat to 
the ice J yet, from the moment the hquefaction begini 
until it is completed, no increased temperature is ex- 
hibited by the thermometer immersed in the ice. If 
during this process no heat were received by the ice 
from the mercury, the consequence would be, that tke 
application of the spirit lamp would cause the lempei- 
Bture of the mercury to rise above 200°, which may be 
euily proved by withdrawing the vessel of ice from the 
mercurial bath during the process of liquefaction. TIm 
moment it is withdrawn, the thermcmeler immersed in 
the mercury, instead of remaining fixed at SOO", will 

mediately begin to 'rise, although ihe action t^ die 



lamp renains tbe same as before ; from which it i& ab- 
rioas that the heat which now cauBee the mercury to 
tise above 200^, was before received by the melting ice. 
The heat which thus enters ice in the process of 
liquefaction, and which is not indicated by the ther- 
mometer, is for this reason called latent heat. It will 
be perceived that this phrase is the name of a fact, and 
lutt of an hypothesis. That heat really enters the 
vater, and is cuntoiued in it, hae been established by 
the experiments ; and la declare that it is present there, 
ia to declare an established fact. To call it by the 
name latent heat, is to declare another established fact, 
vi«., that it is not sensible to the thermometer. 

These facts show as that heat is capable of existing 
I in bodies in two distinct states, in one of which it is 
wnaible to the thermometer, and in the other not. 
Heat which is sensible to the thermometer is called, 
tin diatinctian, eengibU or free heat. It may be here 
daerved, that heat which is sensible to the thermometer 
j ii also perceptible by the senses, and heat not sensible 
10 die thermometer is not perceptible by the senses. 
Thus, ice at 32°, and water at 32° feel equally cold," 
tad yet we have seen that the latter contains consider- 
■Uy more heat than the former. 

Di. Black, who first noticed the remarkable fact to 
which we liave now alluded, inferred that ice is con- 
rerted into - water by cominunicating to a certain 
quantity or dose of heat, which enters into combination 
with it in a manner analogous to that which takes place 
when bodies combine chemically. The heat, thus com- 
laned with the solid ice, loses its property of affecting 
the senses or the thermometer, and the effects, there- 
fore, bear a resemblance to those cases of chemical com- 
bination in which the constituent elements change their 
oaiMble properties when they form the compound. 

The fact that the thermometer immersed in the ice 
only remuns stationary while the process of Uquefaction 
ii ttoing on, shows that this absorption of heat is neces- 
-Juilj connected with that process, and that, were it 
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not for the converiiion of the solid ice into liquid w 
the heat which ie bo received nould be sensible, and 
would cause the thermoiDPter iinniersed i 
rise. Before the time of Black it was supposed thu 
the dightest addition of heat would c 
he converted into water, and that the thermometer 
would immediately pass from the freezing temperaDire 
to higher degrees. The experiments above described, 
however, show the falsehood of such a suppontiiiii. 
If, while the merturia! bath in which the ice is in- 
mersed is maintained at the temperature of S00°, the 
length of time nccesaary to complete the liquefacdoa rf ) 
the ice be observed, it would be found that that 6nt 
is about twenty-eight times the length of time which it ' 
would lake to raise the liquid water from 32° to S7°! 
and if it be assumed that the Game quantity of heal ia 
imparted to the ice, daring the process of liquefaction, 
in the same lime as is imparted to the water in ridng 
from 32° to 3?°, it will follow, that, to liquefy the lee, 
requires twenty-eight times as much heat Bn is necesnry 
to raise the water from 33° to 37°. It appears, there- 
fore, that, instead of a small quantity of beat bdng 
necessary to melt the ice, a very considerable ponion 
is absorbed in that process. 

If, as these circumstances indicate, water be formed 
by tlie mmbination of a large quantity of heat with ice, 
it would follow, that, in the re-convereion of water into 
ice, or in the process of congelation, a largif quantity 
of heat must be dismissed; or, in other words, before a 
quantity of liquid water can pass into the solid state, it 
mu«t communicate to some other object considersUe 
quantities of heat which exist in it in the latent alalie. 
That this is the fact may be easily proved by reversing 
the experiments already described. Let a vessel, con- 
tuning water at &)°, be immersed In a both of mercury 
at the tcmperawre of 35° below lero. If a ther- 
mometer be immersed in the mercury and another in 
the water, the one will be observed gradually to riae, 
, aaii the otbez to fall, uaA tlie x' 
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water intUcates 32". This iherraometer will then be- 
come stationary, and the water will begin (o freeze. 
Meanwhile, the tbermometer immersed in the mercury 
■will continue to riee; and, although during the whole 
process of congelation The thermometer immerBed in the 
water will continue atiCionary at 32°, the thermometer 
immersed in the mercury will constantly rise, proving 
that heat is continually diamissed by the treezing water, 
and imparled to the mercury in which it is immersed. 
When the congelation of the water ia completed, und 
the whole is in the saUd state, and not until then, the 
thermometer immersed in the ice will begin to fall. 
The thermometer immersed in the mercury will con- 
tinue to rise without interruptian, until the two ther- 
mometers meet at some temperature helow SQ°. 

Having ascertained the remarkable fact that heat is 
absorbed in a lai^ quantity in the conversion of ice into 
water without rendering the body so ahsorhing it warmer, 
let us now enquire what the exact quantity of heat so 
absorbed is. We have already stated, that, if the 
quantity communicated in equal times be the same, 
the heat necessary lo hquefy a given weight of ice 
would be twenty-eight times as much as would be ne- 
eessory to raise the same weight of water from 32° 
lo 37° ; or, if the heat necessary to r^se water through 
every S° be the same, that quantity of heat would be 
anfflcient to raise water from 32° to 172°; and hence 
we infer, that as much heat is absorbed in the lique- 
bction of agiven quantity of ice, as would raise the same 
quantity of water through 1 iO degrees of the thermo- 
metric icale. 

As this fact is one of the last importance, we shall 
illustrate it by other experiments- 
Let two equal vessels, one containing an ounce of ice 
at 32*^, and the other containing an ounce of water at 
SS°, be both immersed in the same mercurial bath, at 
the temperature of 500°, and let thermometers be placed 
in the ice and in the water r the ice will immediately 
begin to melt, the thermometer immersed in it re- 
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inainin^ stationary. The thermometer immerwd in the 
irater will, on the other hand, immediate] ;f b^ia M 
ri«e. When the hquefkotion of the ice is completed, 
and thi! thermometer immersed in it juBt begins to riie, 
the thermometer immersed in the water will be ob- 
served to stand at 172°. Il foUowe, therefore, nip- 
posing the ice and water to receive the same quintitf 
of heat from the mercury which surrounda them, that 
■B much heat 'is necessary to liquefy an ounce of ice U 
is HuflScietit to raise an ounce of water from 32° to ITS"; 
a result which confirms what has been already stated, 
&at the heat absorbed in lic^uefylng a given weight of 
ice is equal to the heat necessary to raise water through 
140° of the thermometric scale. 

Again, let an ounce of ice, at the temperature of SS°, 
be placed in a vessel, and into the same vessel potir in 
ounce of water at the Itmperature of 172°: the hot 
water will gradually dissolve the ice, and its temperatore 
will fall. ^Vhen the whole of the ice is dissolved, the 
water formeil by the mixture of the hot water and 
melted Ice will be found to have the temperature of 32°. 
Thus, while the ounce of water has lost 140° of its 
temperature, the ounce of ice has suffered no increase of 
temperature whatever : it has been simply liquefied, but 
retains the same temperature as it had in the solid form- 
That no change has been made by this process in dw 
quantity of matter contained in the vessel can be proved 
by weighing the mixture after the hqnefactioii of Utt 
ice IB completed. It wiU be found to weigh two ouncee. 
It would be easy to prove, also, that no Burrounding 
object has received the heat which the ounce of water at 
172° has lost; and we must therefore infer that this 
heat has been received by the ice ; and, while it hu 
been instrumental, by some unknown process, in iU 
Uquefaction, it is, nevertheless, combined with it in snch 
B way as to produce no effect on the thermometer. 

That it is the process of liquefaction only which 
prevents the heal received by the ice, in this case, from 
being sensible to the thermometer may be proved by the 
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fcUowing experiment : — Let an oun of wat a 32 
be mixed with an ounce of the same I qiu I a 1 '' 
the mixture will have a leinperature as n ght be ex 
pected, exactly intermediate between be t nipe atures of 
the cotnponent parts. Two ounces of wat w II be 
obtained having a temperature of 102 exa tly 
above the lower temperature, and 70 below the higher 
temperature. No heat has, in this case, reused to affect 
the thermometer ; tie quantity of heat lost by the ounce 
of water at 17^° being exactly equal Co that which has 
been received by the ounce of water at 32°. 

Although it is easy to determine within certain limits 
die quantity of heat which disappears in the pracesa 
of liquefaction, yet the precise solution of this problem 
is a matter requiring the utmost refinement of experi- 
mental skill. Ifhas already occupied the attention of 
tome of the most distinguished philosophers of modern 
times. Cavendish stales, that the heat absorbed in lique- 
laclion amounts to 150°; Black, 140°; Wilke, 130"; 
and Lavoisier and Lsplace, 135°. It may, therefore, 
be considered as certain, that 140° differs very little 
from the true quantity. 

From these circumatanct's, it will be easily under- 
stood why the processes of liiguefaction and congelation 
are bo extremely slow, and occupy so considerable a 
portiim of time. If the conversion of ice into water 
required, as was formerly supposed, only a small quan- 
tity of heat, the process of Uquefaction would be sudden 
and almost instantaneous ; and, on the other hand, if 
the loss of a small quantity of heat could cause water 
at S2° to congeal, the congelation would be likewise 
tudden and instantaneous. A mass of water at 32° 
would pass at once from the liquid to the solid state the 
intmeDt il lost the least portion of heat, while a mass' 
of ice would in Uke manner pass from the sohd to the 
liquid state the moment it received the least addition 
of beat. Experience, however, proves this not to be 
^ CMC. When ■ mass of water arrives at 32°, small 
ice are formed, and the process of ci 



I 

I 



122 

gdation goes on graduaU; and slowly, until the Trhole 
liquid ia rendered solid. 'WTien the first Bmall portioiB 
of ii^e ure farmed, the heat given out by them h re- 
ceived by the Burrounding liquid, and for the moment 
prevents its congelation. An this liquid parts with in 
heat to surrounding objects, additional portions of ice 
are formed, which in like manner dismisfi their latenl 
heat, and communicate it to a portion of the water 
which still remains liquid, tending to raise ila temper- 
ature and maintain it in the liquid state. The rapidit; 
of the congelation will depend on the rate at which the 
uncongealed portion of the water can impart its hesi 
to the surrounding air, or other adjacent objects. In 
like manner, in the process of liquefaction, a small por- 
tion of the ice first exclusively receives heat from some 
external source, and having received as much heat U 
would raise water through 140" of the tbermomettit 
scale, it becomes liquid ; then an additional portion of 
ice receives the same addition of heat, and is likewise 
rendered liquid, and so the process goes on until the 
whole mass of ice is liquefied. • 

It is a remarkable fact, that, under certain circunu 
stances, water may remain in the liquid state at tem- 
peratures considerably below 32^. If a vessel of wilet 
be carefully covered, kept free from agitation, and ex- 
posed to a temperature of 22°, it will gradually M 
to that temperature, still remaining in the liquid state; 
but if a tremulous motion be communicated to it, or i 
particle of ice or other solid substance dropped into it, 
its temperature will suddenly rise to 33°, and a portion 
of it will be converted into ice. The cause of this sin- 
gular efiect is easily explained. A portion of the liquid, 
which is suddenly solidified, gives out a quantity of 
heat, -which is in part communicated to the water, 
which still remains liquid, and raises it from 29° to 3S', 
and the remainder of it becomes sensible, instead "it 
being latent, in the ice itself, and Ukewise raises iB 
temperature to 32°. In conformity with what hii 
■been already explained, it would follow that the bten' 
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heat thus extri<»(ed would be tufficient to r&ise as mu<^h 
water as is equal in weight to the ice which has been 
fonned through 140°, or it would raise fourteen times 
that quantity of water through ICof the thermometric 
scale. Now, in the present case, the whole quantity of 
water in the vessel, including the froxen portion, haa, 
in fact, been raised 10"; and it would follow, from this 
reasoning, that tile frozen portion should constitute the 
fourteenth part of the whole mass. 

The idea of applying this ingenious experimental 
t£st to the theory of latent heat seems to have first 
occurred to Dr. Thomson, who has ascertained expe- 
rimentally, that when water being cooled without con- 
gelation to '22° was suddenly agitated, the portion 
which congealed was one fourteenth of the whole quan- 
tity. He found, likewise, that a similar result was 
obtuned when the water was cooled to temperatures 
between 32° and 22°. Thus, when water cooled to the 
temperature of S7° was agitated, it was found that a 
twenty-eighth part of the whole mass was congealed. In 
this case, the whole mass was raised through a" of the 
thermometric scale ; and since the heat developed by 
the frozen portion woulcl be sufficient to raise twenty- 
eight dmes that portion through 5° of the thermometric 
srale, it follows that the frozen portion should be the 
iwenty-eighlh part of the whole mass, — a conclusion 
which the experiment of Dr. Thomson fully confirmed.* 

Having ascertained these facts respecting the transi- 
tion of water from the solid to the liquid state, and vice 
vtTsS, it ia natural to enquire whether water be unique 
in .these manifestations, or whether the effects just 
explained belong to a class of phenomena, of which 
other bodies afRird similar examples. la the capability 
of liquefaction in solids universal ? In all cases of lique- 
bction, is the same absorption of heat observable .'' Are 
■n liquids capable of being converted into solids by 
cold, as water is ; and if so, do they dismiss heat in that 
{rtocesa which was previously latent in them i' In a 



134 

-word, are Itquefaction snd solidificadon the invaiuUe 
consequences of increase and dimination of teiDperatuie, 
and are the abaorptian and extrication of heat invari- 
ably connected with these processea ? If so, in the 
' exhihition of these phenomena, in what respect are bodies 
of different kinds alike, and in what respect do they 
diSer? These are important and interesting generalis- 
ations, and their results must furnish so many phyacal 
leets by which bodies may be diatinguislied and cJwrac- 
terised in the same manner as they are by their specific 
gravity and other physical properties. To decide theu 
questions, it will be only necessary to institute experi- 
ments on other bodies similar to those already described. 

Let a thermometer be imbedded in a mass of tin, 
at the temperature of about 60" ', and let this tin be 
placed in a vessel over a fire, the thermometer will he 
observed gradually to rise undl it attains the temper- 
ature of 442°, when it will become stationary: at ibe 
aame time the tin will begin to melt ; and so long as the 
process of fusion continues, the thermomeler will coo- 
atantly inilicate the same temperature of 442°. When 
the fusion of the tin, however, is completed, tile the^■ 
mometer wil! again begin to rise. 

If lead be used instead of tin, the theimometer will 
rise to the temperature of 5p4°, and will be statioitaiff. 
in like manner, until the fusion of the metal is copi- 
pleted, when it will again begin to rise. , 

If phosphorus be used, the thermometer will become 
slationAry at 100°, and the process of liquefaction will 



In like manner, if other solid bodies were submitted 
to the action of heat, they would be found to pass into 
the liquid state at various temperatures, and during the 
process of liquefaction their temperature would be pre- 
served, end heat would be absorbed. The quantity of 
heat absorbed would also be found to be different in 






difi^ient bodies ; but the quantitj of beat necestarj to 
fuse ■ a given weight of the aarae body, is always the 

The solidification of water, by the abstraction of heat, 
ia libewise only an example of an extensive class of 
physical effects. Liquide, in general, if EitiHciendy 
cooled, pass into tlie Eolid state; but each particular 
liquid passes into that state at a particular temperature 
peculiar to itself. Thus, milk frecws at 28°, vinegar 
at 20", and oUveoil at 36°. This temperature is called 
ihe/Veezf'np point, and is always the same as that tem- 
perature at which the solid fortned by the congelation of 
the hquid would melt. In fact, from what has been 
already observed, it will be easily perceived that the 
states of solidity and liquidity are dependent merely on 
lie temperatures to which bodies are exposed. 

As heat is found to be umversaUy absorbed in the 
truisition of a body from the solid to the liquid state, 
K> it is also observed to be extricated in the contrary 
process by the transition of a body from tlte liquid to 
the solid state. 

Of all known solids, there exists but one which art 
bis been hitherto unable to fuse ; and of all known li- 
quids, there exists but one which it has been unable to 
congeal. No heat which has ever yet been obtained has 
n found sufficiently energetic to reduce the substance 
1 oarbon, or dutrcoaJ, one form of which is the 
e called the diamond \, to the liquid state ; 
to cold which has been procured by any process of art 
Terbeen able to solidify afco/io/. We must not how- 
It infer that, therefore, these bodies form exceptions 
B law which is otherwise universal. Analogy, on 
ther hand, would lead us to conclude that soine 
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bod; nould be found of a characKr so obdurate ig to 
TeBtsl all attainable meana of fusion. 

There arc Bomi; circumstances connected vrith the 
properties of charcoal, or the diamond, which will serre 
to explain why the impracticability of its fusion should 
Dot be assumed an a proof that it is infiiaible. This 
body cannot be exposed to very high temperatures, un- 
less enclosed in some vessel which will prevent its com- 
bustion ; for it burns at temperatures considerably loner 
than those which are sufficient to fuse less refrsclory 
bodies. For the fusion of the diamond, therefore, it 
would be necessary to construct a vessel of some sub- 
stance more refractory than the diamond itself. It will 
be easily perceived, that if it be true that the diamoni! 
is itself the most refractory body, and requires for iti 
fusion a higher temperature than any other solid what- 
ever, this practical difficulty forms an impassable barrier 
to its fusion, even though we should be capable of pro- 
ducing a BufGcientiy Aerce heat for this purpose. 

Nor should the fact that charcoal undergoes very 
extreme temperatures in the solid stale afford any pre- 
sumption that it is infusible. Among the solid bodkt 
which have been submitted to experiment, many require 
very extreme temperatures to convert them into the 
hquid form. Lime, magnesia, alumina, and mioy 
earthy bodies, can only be fused by temperatures pro- 
duced by the igiution of the mixed gases by the blow- 
pipe. The most powerful furnace fails to Itise the 
metal platinum ; while iron, gold, and silver are capaUe 1 
of being fused by intense heats. These extreme difier. 
ences in the fusing temperatures of bodies wouU istA 
us to expect that some, though fusible, may still teqtare 
even a higher temperature than any which art enables 
as to obtain. 

The production of very great degrees of artificial cold 
being a matter of considerable difficulty, it cannot beat 
all surprising that bodies should be found which, though 
susceptible of congelation, yet undergo that effect at 
temperatures below what can be attained by any known 
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process of art ; indeed, it is ratber wonderful tlist there 
should not be mare than one liquid which has cot beea 
congealed by art, than that there should be one.* 

The circumatsncc of water continuing in the liquid 
Etale below its freezing point when kept free from agi- 
tation, is not peculiar to that liquid. Tin melted in a 
crucible was cooled by Mr, Crichton 4° below its melt- 
ing point, and yet remained liquid. In all such cases, 
tlie moment aolidification commences, the liquid iud- 
denly rises to its point of fusion ; and the same causes 
in ell cases favour soUdification. A tremulous motion, 
or any solid body dropped into the liquid, will cause it 
lo solidify. 

When foreign mailer is held in solution in any liquid, 
ihe freezing point of the compound will difibr from that 
of the pure liquid, and will generally be lower. When 
salt is diBsolveii in water, the freezing point is always 
below 32°. The extent to which the freezing point 
is lowered depends on the quality and quantity of 
the salt in solution. The most efflcadoua in lowering 
the freezing point is common salt. If '25 per cent, by 
weight of salt be held in solution, the freezing point 
will descend to 4°. 

It appears from the eKperiments of sir Charles Blag- 
den, that the extent to which the freezing point of water 
v, lowered by the solution of any given salt, is in pro- 
portion to the quantity held in solution. Thus, if 
■j^jlh by weight of salt lower the freezing point 10°, 
-[^ths will lower it 30°, and ^^o*^ ^'^°' *"'' *" ""■ 

The strong acids generally freeze at much lower 
temperatures than water. If they be mixed with water, 
the freezing point of the mixture will hold an inter- 
mediate position between those of water and the pure 
»dd, being much lower than that of water, but higher 
^n tliat of the acid. The distances of the freezing 




point of ihe compound from the freezing pointB of ItM 
componetitB are not, liQurever, always propivtioiiil tO 
thdr quanCitieH. The freezing point of water is lowend 
b; the mixture nith acid Id a greater ratio than the 
quantity of acid in the mixture. Thus, proportions of 
sulphuric acid exptessni by 10, 20, and 25, mised with 
100 parts of water, will lower the freezing point 8°, £0°, 
and 35° respectively; whereaa.if the reduction were pro- 
porlionate to the quantity mixed, the free«ing poilit 
would he lowered 8", l6°, and 20° respecdvely. 

The freezing points of the strong acids thenMelra 
vary with their degrees of strength, but not according 
to any known or regiUar law. If the strength of nl- 
phuric aciil is gradually diminished from 977 to 75S, 
the freedng point first falls, then rises, and again ftDi. 
At 977, the acid freeies at the temperature of 1°. M 
9*8 it freewB at — 26». At 846 it freezes at +4!° 
being 10" above die freering point of water; and, again 
St the strength of 758, it freezes at — 45°, 

It is a fact of some importance, in the theory of heat, 
dlat no external drcumstance whatever aUecls the melt- 
ing point of boilies. So long as the constituent partsof 
a body remain the same, it will always melt at the uine 
temperature, under whatever external circDmstances it 
may be placed. Thus, it does not seem to be affbcted by 
any change in the atmospheric pressure, and it will melt 
at ^e same temperature in vacuo as under Che pressure 
of condensed air. Neither does ihe nature of the vessd 
in which the process of fusion takes place produce any 
effect. In tliis respect liquefaction differs from another 
change produced by heat, which we shall notice in the 
next chapter, and which is materially affected by extei- 

In explaining the process of liquefaction, our obserT- 
Btions have hitherto been chiefly confined lu the eHecta 
pIDdnced on the temperature of the bodies by the heat 
which they receive. There are, however, other inw 
portant eflb'Cts attending these jirocesses. 

When a liquid passes into the solid state, t snddoi 
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s frequently ob. 



■nd connderibk change of dimension ii 
■erved. This change is sometiines an increase and 
KimetinieE a diminution. lu eome cases no such change 
takes place at all. When mercury is cooled down to its 
freezing point, which is 39° below 0° of Fahr., as it 
patses into the solid state it under)(oes an inatantaneoua 
and considerable diminution of bulk. An effect exactly 
the reverse takes place with water. When this liquid 
ii cooled down to 32', it passes into the solid state, and, 
in doing so, undergoes a considerable and irresistible 
expansion. So great is this expansion, and so powerful 
ii the force with which it takes place, that large roclcg 
are frequently burst when water collected in their cte- 
fices freezes. It is a common occurrence, that glass 
bottlea, containing water left in dressing-rooms in cold 
weather, in the absence of fire, are broken in pieces 
when the water contained in them freezes, the expan- 
lion in freezing not being yielded to by any correspond- 
ing dilatation in the glass. An experiment was made 
at Rorence on a brass globe of considerable strength, 
which was filled with water and closed by a screw. The 
water was frozen within the globe by exposure lo a cold 
hekiw 32°, and in the process of freezing, the expansion 
sf the water burst the globe. It was calculated that the 
fttee necessary to produce this effect amounted to about 
£S,000 lbs. 

This sudden expansion of water in freezing ia a pbe- 
MiDenon distinct from the expansion already noticed, 
which lakes place as the temperature is lowered from 
391° W 32°. The latter expansion is gradual and re- 
gular, and accompanied by a gradual and regular de- 
creue of temperature ; but, on the other hand, the 
expansion which takes place when water passes from 
the Slate of liquid to the stale of ice is sudden, and even 
nutantaneous, and is accompanied by no change nF tcm- 
pctature: the solid ice has the temperature of 32°, and 
lie hquid, of which it is formed, had the same tem- 
perature just before congelation. 
The experiments by which this fact was ascertained 



were first performed at the Florentine axadeiaj, ind ■ 
description of [heiD appeared in the Philosophical Tnns- 
actioM in the year 1<J70. A glass ball, terminating m 
a narrow graduated neck, like a tbermotneler tube, wu 
filled with water, and exposed in a temperature coDsL 
derably below 32°. At the moment of exposure to thii 
temperature, the water in the graduated neck suddenly 
rose. Thin, however, proceeded from the eHecla of iht 
glass vessel undergoing a sudden contraction by the odd. 
The water presently began to fall in the Deck, and con- 
tinued 10 fijl until the temperature was lowered to about 
39!^ ; then it gradually rose until the temperature of 
the water fell to 32". The water now passed inle.tlK 
Ktatti of ice, and at the moment it did bo, the liquid in 
the neck of the vessel started suddenly upwards, with & 
great velocity, to a considerable height. This effect w» 
manifestly produced by a sudden expansion taking pla« 
in the process of solidification. 

Wlien water is cooled below 32' without freering, 
the espansion which look place from S9^° to 38° if 
continued, and the liquid continues to dilate below iS". 
When it is afterwards solidified by agitation, or \tj 
throwing in a crystal of ice, a sudden and considenWe 
expansion takes place, as already described; but this 
expansion is always less than that which would tab 1 
place if it solidified at 32^, by the quantity of expu>- 
sion which it suffered in couUng from 33° to the tem- 
perature at which it was soUdified. It is observed, that 
the expansion which water suffers in being solidified at 
32° amounts to about one seventh of its hulk. If it 
be solidified at a lower temperature, it will sufier a leas 
expansion than tliis; but the expansion which it suSeiB 
in solidification under these circumstances, added to llie 
expansion which it suffers in cooling from 32° down- 
wards, previous to solidification, will always piodufea 
total amount equal to the expansion which the water 
L would suffer in soUdifying at 33°. Hence the total 
D which water undei^^>es from the tempenalute 
[ ^realeit density (30^°) until it becomes solid is 
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alirays llie same, nhiCever be the temperature at which 
it passes from the liquid to the solid slate. The stme 
cbservations will be likewise applicable to other liquids 
liinilarly eolidified. 

If a quantity of liquid phospboruG at the temper- 
ature of 200° be gradually cooled, it will be obBcrved 
to Bufibr a regular contrttction in its dimensions, accord- 
ii^ to the general laws observed in the cooling of bodies. 
When it is cooled to the temperature of about 100°, it 
pMBCB into the solid state, and, in doing so, undergoeii 
anidden and considerable contraction. Oils generally un. 
dergo this sudden contraction in the protxes of freezing. 

The sudden expansion in freezing is particularly 
CDDGpicuouB in the crystallisation of solids, which shoot 
into priamatic forms. The process of crystallisation in 
Ubonitories is, for this reason, frequently attended with 
Ibe fracture of tJie vessels in which they are conducted. 

It may be talien as a general truth, to nhlch, how- 
erer, there may probably be some exceptions^ that 
'boiUeB which cryetsJlise in freezing umleigo the sudden 
nputsion here mentioned, and that bodies which 
do not crystallise in freezing, for the most part 
Rff^ a sudden contraction. Sulphuric add was ex- 
mined by Dr. Thomson, who could not observe either 
Amtraction or expansion nhen it passed from the liquid 
to die solid state. He observed that it fell in its tem- 
perature to — 36°, and during lie process regularly 
Contracted. About this temperature it froze, but be 
tanld not satisfy himself whether it were really froKeii, 
tiU he bi^ke the tube which confined it ; so little was its 
appearance altered, and so imperceptible must hftvc 
heen its contraction or expansion, if any took place. It 
exhibited no appearance of crystallisation, and yet had 
become perfectly soliiL 

Afoat of the metals undergo a sudden contraction in 
passing from the liquid to the solid state, but to this there 
are three exceptions ; namely, cast iron, biEmulh, 
tiuany, all of which undergo an expansion in solidifying. 

A metal which contracts when pawing trotn ^ 

■■ a 
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Hqnid to the solid state, cannot be made to take the 
ihape of a mould, owing lo its sudden contraction eitu. 
ing it, in the solid Fonn, to be less in magnitude thin 
the mould which it filled while liquid. It is for dui 
leason that money composed of silver, gold, ih" copper 
cannot be cast, but must be stamped. Cast iion, on 
the contrary, as it dilate*, takes the impresskai of ■ 
mould with great precision. 

But the most striking instance of sadden CDittraction 
in cooling, and one which derives its importance fivm 
the limitalions nhich it imposes on the scale gf 
common thermometers, is mercury. It frequenllj 
happens, in some northern climates, that the mercnrjr 
feezes in the thermometer. When this was flrtt dll- 
aerved, it excited some astonishment that the mercmy, 
at the moment it became solid, fell suddenly thrm^a 
considerable range of the instrument, and was often ll- 
togelher precipitated into the bulb. It was henee 
inferred, that the cold capable of freezing this meld 
must have been enormous, and that it answered at 
least to — 570° Fahr. But this estimate proceeded 
on the supposition that the sudden contraction of the 
mercury in cooling arose from the same cause, and wu 
attributable to the same law, as the ordinary variatiani 
of the thermometer. This eicessive cold, howerer, 
tvas rendered extremely improbable by several obvioua 
effects. It was observed, that when the mercury in the 
thennometer was about — 36°, it was on the point of 
congelation, and that the great contraction just noticed 
waj produced suddenly at the moment it became solid. 
Between these two instanta of lime, the si-nsation of 
cold with which it affected the body was not sensibly 
different; and yet, if the great change of temperature 
indicated by the sudden M\ of tlie mercury were re«], 
it cannot be supposed that some considerable effeoB 
would not be produced on the senses. 

All doubts upon this subject were, however, com- 
pletely removed by a beautiful series of ejiperimenli, 
executed in Hudson's Bay, by the directions and with 
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5 furnished by Mr. Cavendish, The appa- 
tatUB consisted of a cylindrical glass vessd, partially 
filled with mercury, in which was plunged the bulb of 
t mercutial thermometer so as not to touch the sides of 
the vesseL This apparatus was surroiiiideil by a freez- 
ing mixture formed of suow and nitric acid, and the 
height of the thermometer wi3 noted according as the 
merctiry in which it was plunged was cooled. It was 
observed to descend to about — 36° below the freezing 
point of water, and haying arrived at that point it re- 
mained stationary. Upon withdrawing the apparatus 
from the vessel in which it wss plunged, it was then 
found that the mercury contained in the cylindrical ves- 
tel was already in part frozen. The appamtus was 
■gain put in the freezing mixture, and the thermometer 
still remained stationary, until the whole of the mer- 
mry contained in the glass vessel was completely frozen. 
The experiment heing still prolonged, the process of 
congelation extended itself to the mercury in the ther- 
mometer, and tliat, on becoUiing sohd, underwent the 
■ndden contraction before described, so as to descend 
nearly 600° below the freezing point of water. The 
mercury thus congealed was found to possess all the 
cbiTBCterB of solid metal : it was malleable, and similar 
in every respect to silver. The fact of the thermo- 
meter remaining stationary while the mercury in the 
cylindrical vessel was only in part frozen, is in accord- 
ance with the general law by which bodies preserve the 
nme temperature while they are under the process of 
itisjon. A ihermomeler plungeil in a bath of melting 
metal of any kind exhibits the same invariable temper- 
ature during the process ; from whence we may infer 
with certainly, that the temperature of the mercury 
during congelation was really that which the thermo- 
meter suspended in it indicated during that process, and 
that the extensive and sudden contraction of the mer- 
cury in the thermometer,' on becoming solid, was an 
instantaneous effect not of change of temperature but of 
Ibe tranaition of the liquid to the solid state. 

K S 
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It is probable, however, (hat the temperature indii 
ealed by the thermometer, in this case, was a little bdoiT 
the real lemperatore of mercury at its freezing point; 
for, since this metal Buffers so great ■ contraction in 
becoming solid, it is consistent with analogy to sa^rpoK 
that it acquires in a certain degree this property before 
it arrives absolutely at the point of congelation. Thm, 
in the case of water, which dilates suddenly anil n- 
teaaively on becoming solid, the dilatation commences 
slowly, at ft temperatttrc somewhat above that of its 
congelation. By analogy we may, therefore, expect tbll, 
as mercury' Euddenly contracts in freezing, it shoolii 
happen that, for equal changes of temperature, it would 
contract more as it approached the freezing point, than 
it does between the two ordinary limits of melting ice 
and boiling water ; or, what amounts to the same thing, 
if its variation were compared with an air thermometer, 
it would be found that the latter would i^ree with ibe 
mercurial thennoioeter to the terra of melting ice, and 
even considerably below this ; but that, in approuhing 
the temperature of about TO" below the freeaiog poinl 
of water, the air thermometer would differ from the 
. mercurial thermometer, the former indicating a tempo. 
ature somewhat higher than the latter. This test, 
however, wan not resorted to in the expetiments directed 
by Mr. CavendiEh. 

The increase of its temperature, by exposure to beat, 
is not the only means by which a solid may be made tt> 
pass into the liquid state. There are various solid bodiH 
which, when mixed together, produce a certain cbemicil 
effect on each other, by which they become liquid. If, 
therefore, a quantity of latent heal be essentially ne- 
cessary to the state of liquidity, such effects as that 
which we have just alluded to must needs be accom- 
panied by the requisite supply of the caloric of fluidity. 
In fact, the mixture, in becoming liqiud, must receive 
as much heat from some source as is requisite to main- 
tain it in the liquid form ; and this heat, when so re- 
ceived by it, will be latent, and incapable of affecting the 
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ibennonieler. If the mixture be liquefied in oonlact 
with any bodies capable of euppiyiug heat, it will rob 
them of their heat, without suffering itself any JncreBBe 
of temperature ; but if ihe bodies which suirounil the 
mixture be not capable of aflfbrding a sufficient suppljp 
of heat, then the mixture will actually consume its own 
sensible heat, and render it latent; and, consequendy, 
tia temperature will fall, untU so much of ite sensible 
heat becomes latent ss is necessary to enable it to sustain 
itaelf iu the liquid fomi. 

Let equal weights of snow and common salt, both at 
the teraperature of 32°, be mixed together in an earthen 
or glass vessel. If the mixture be rapidly foimed, a 
thermometer immersed in it will fall from 38" lo — 9°. 
The vessel in which ihe mixtur? is placet!, being com. 
posed of a material which is of a nature to communicate 
heat very slowly, the mixture earmot borrow any con- 
siderahle quantity of sensible heat from it ; therefore, in 
becoming liquid, its own sensible heat passes into the 
latent form, audit gradually faUs in its temperature from 
(his cause. 

In the Uquid thus obtained, let two parts by weight 
of muriate of lime and one of snow be separately cooled, 
and when their temperature is reduced to that of the 
mixture, let ihem be mixed rapidly together. The 
temperature of the new mixture will fail to — T*"- 
In this last mixture, let four parts by weight of snow 
and five of sulphuric acid be separately cooled to the 
temperature of the mixture, and let them then be rapidl;^ 
mixed. The temperature of this last mixture will fall 
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Let dry snow and dry chloride of calcium, 
proportion of one of the former to two of the latter by 
Height, be mixed together. The compound will be 
Uquefied, and a co!d will he produced sufficient to freeze 
lie mercury m the thermometer even in a warm room. 

These effects prove tllat the absorption of caloric 
iiessendal to the process of liquefaction, and if a further 
proof were required that this process is the true cauie 
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of the loss of temperature and the absorpttor 
inch a proof maj be found in the fact, that if the D! 
itanceB mixed together in the preceding experineBlt 
were previously cooled below the tempermture of the 
mixture which their combination would form, thai 
nether reduction of temperature nor liquefaction wmiU 
be produced by combining them. 

Although the generalisation of Black is of Teeeot 
date, these effects, which so disductl; point it out and 
lupport it have been long known. The Italian pailiy- 
cDoks, early in the l6th century, used a mixture of 
nitre and snow for the purpose of producing cold. The 
mixture of snow and common Kilt was used in thelatta 
end of the same century hy Sanctorio, ihe inventor of die 
thermometer. At a later period, Fahrenheit made more 
extensive experiments on freezing mixtures, and the 
iubject has since been very extensively examined by 
later philosophers. 

There are a great variety of solids and liquids, whidi 
by combination serve this purpose, and form ireeiiiig 
mixtures. In some cases two solids, such as snow and 
aalt, are mixed and liquefied. In other cases, a cold is 
produced by combining a linuid with a solid, as whto 
diluted nittic acid la poured upon snow. Mr. Walker and 
professor Lowitz have made extensive experiments upon 
this subject, and the result of their investigatioiu ban 
been collected by professor Thomson, in his valuable 
work upon heat. They are contained in (he fcJlowing 
table, which we have extracted from that work : — 
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' In order," says Dr. Thomson, "to prodoce tfacK 
efiects, the s)Jis emploTed taost lie fredi crystxlliaed, 
snd newly reduced u> s veij fins powder. The veuelf 
in wluch the freezing miiture U made should be very 
tbim, and just Urge enough to hold it, and the maleriah 
■hmld be mixed tt^etber as quicld; as posGlble. The 
nutetuls to be eu)plo;e<l in order to produce peat 
eold, ought to be fir« reduced to the temperature mirked 
in the table, bj placing them in some of the odier 
fieeaing mixtures; and then they are to be mixed 
togelher in a similar freezing* mixture. If, forinstum, 
we wish to produce k cold = — 46°, the snow and di. 
lated nitric acid oaght to be coaled down to O", hj puttii^ 
the vessel which contains each of ihem into the finl 
freezing mixture in the second table before thej lie 
mixed together." 

When snow or ice cannot he procured, cold may U 
obtained bj dissolving any salt rapidly which eontaiii 
much water of crystallisation. Glauber salt dissolved 
in diluted inurialic or sulphuric add will serve this pur- 
pose. Experiments made by professor Bischof, of Bonn, 
have given the following resiUts : — 
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e Glauber E&lt should be added in powder retaining 
ler of ccystallisaCion, and the acid and water should 
eviously raised and allowed lo cool before the 
is itllroduced. When freezing mixtures are ap. 
to produce artificial cold, they are made to con- 
their own heat, and the object to be cooled is 
ed in thera when they are reduced to the lowest 
Tature of which they are capable. The teraper- 
of the body iraniersed in them will, of course, fall 
ipartjng its sensible heat to the mixture which 
aen rise in its temperature. 

e absorption of beat in the process of liquefaction 
xplain why in a thaw a keen sensation of cold is 
intly felt. The ice, in a state of transition from 
ilid to the liijnid form, seizes on the sensible heat 
! air, and all surrounding objects, and renders it 
. The atmosphere, and every otQect in it, may 



thus, in a thaw, be kept at the temperature of S2°; ill 
tendeacj to rise above that lemperatUTe beinf; im. 
mediately neutralist by the fusian of ice. 

The extrication of heat by the transition of a liquid 
to the solid state is illustrated by almoet every instsnee 
of crystallisatiDD. It is found that water at a high 
temperature is capable of holding in solution a greater 
quantity of sails of various kinds than when at t 
low temperature. If salts be dissolved in it at ■ 
high (enipeiature, and it be allowed to cool withtnll 
agitation, no crystallisation will take place, and die 
solution will attain a temperature lower tliati that iX 
which it is capable, under ordinary circumstances, nf 
holding the same quantity of sails in solution ; but i*' 
it be agitated, or a soUd body tlirown into it, a crystal' 
lisadon will imrnediately take place, and the tempn- 
•tiffe of the Kolttlion will auddeidy rise. In this cue 
the increase of temperature is produced by a pari of 
the water taking the solid form in combination with the 
crystals of salt. Now, the quantity of water solidi6ed 
in the rystals can be accurately computed, and the 
latent heat which it gives out will then be known. It 
is found that the increased temperature of the water, 
when the cryatallisation takes place, ia exactly whit 
would be produced by this quantity of latent heat be- 
coming sensible. To perform this experiment with 
success, the hot solution should be put into a phial tad 
corked up, and allowed to cool without the slightest dis- 
turbance. If the cork be then drawn out, a quan^ty 
of the salt will suddenly crystalliae, and the temper- 
ature of the Uquid will rise. The carbonate and sul- 
phale of soda will produce these tffects. 

It will be perceived that these eilecta belong to the 
samu class, and are explained upon exactly the stmt 
principles, as the sudden solidification of water, whiai 
reduced, in the liquid stale, below its freeiing pwnL 
In fact, the solutions here referred to should be re- 
garded as distinct bodies, which, like water, are oapable 
under certain circumstances, of being cooli:d below the 
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betting poiitt without Bolidifying. The samo causes 
irhich produce the solidification ot witter also afi^ct 
them in the lame way, and thej suddenly nse to the 
temperature at which they would naturally freeite ; the 
wlidified parts giving out the latent heat, wh[ch takes 
■ Ko^ble form in raising the temperature of the whole 
mass Co the freezing potnL 

In reviewing what has heen staled in the present 
chapter, it will be perceived that the following general 
facta have been estahlisbed, which form the basis of all 
investigadons concerning the phenomena of liquefaction 
and solidification ; — 

I. Solid bodies, when raised to a certain temperature, 
puB into the liquid form ; the same solid always under- 
going this change at the same ttiinperature. 

II. During the process of liquefaction no elevation 
of temperature takes place, either in the solid or in the 
liqiud into which it is converted, though a conaiderahle 
quantity of heat is imparled to the melting body. 

III. Different hodicfl undergo the proeesa of liquefac- 
tion at different temperitures ; and the temperature at 
which a iolid liquefies is called its melting point, or its 
pmnt of fusion. 

IV. IHfferent solids absorb different quantities of 
heat in the process of liquefaction. 

V. Liquid bodies.when lowered to a certain temper- 
ature, pass into the solid form ; and the same liquid 
dwaya passes into the solid form at the same temper- 
ature. This temperature is called their freezing point. 
The freezing point of a liquid is always the same as 
the melting point of the solid into which that liquid is 
nmveiled by cold. 

VI. During the process of solidification, no fall of 
temperature takes place either in the liquid or in the 
lolid into which it is converted, though a considerable 
quantity of heal is dismissed in the process. 

VII. Different liquids undergo the process of solid].. 
flcBtion at diOerenl temperatures. 
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VIII. Different liquids dismiss difibrent quantities 
of heat in the process of solidification^ and the quantity 
so dismissed is always equal to the quantity of heat 
ahsorhed in the fusion of the solid into which the 
liquid is converted by cold. 

IX. The states of solidity and liquidity are not 
essentially connected with the nature of bodies^ hat 
are purely accidental on the temperature to which 
bodies are exposed ; nor does a body change its nature 
or essential properties in passing from t&e one state to 
the other. 



It hoB been Ehown in the last chapter, tliat the con- 
tjnoed application of heat to a solid causes it ultimately 
to pass into the liquid form. We propose, in the pre- 
sent chapter, to examine the effects which would be 
produced by the continued application of heat to a 

Let a small quantity of water be placed in a glass 
flaak of considerable size, and then closed so as to pre- 
vent the escape of any vapour. Let this yessel be now 
placed over the flame of a spirit lamp, so as to cause the 
water it contains to boil. For a eonsiderable time the 
water will be observed to boil, and apparently to dimi- 
niib in quantity, until at leoj^h all the water disappears, 
and the vessel is apparently empty. If the vessel be 
now removed from the lamp, and suspended in a cool 
RCmMphere, the whole of the interior of its surface will 
preaently appear to be covered with a dewy moisture; 
■ltd Ht length a quantity of water will collect in the 
bottom of it equal to that which had been in it at the 
commeni-ement of the process, That no water has at 
■nj period of the experiment escaped from it may be 
easily determined, by performing tile experiment with 
the glass flask mispeniled from the arm of a balance 
counterpoised by a sufficient weight suspended from the 
other arm. The equilibrium will be preserved through- 
out, and the vessel will be found to have the same 
weight, when to all appearance it is empty, as when it 
contains the liquid water. It is evident, therefore, that 
the water exists in the vessel in every stage of the 
process, but that it becomes invisible when the process 
of boiling has continued for a certun lengt^L of \ua«.-. 
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tnd it nay be shown that it will ci 
Ue, provided the flask be exposed to a temperature d 
uderablf elevated. Thus, for exitinplej if it be mh^ ' 
pended in a vessel of boiling water, the walei whiclh it 
contains will continue to be invisible ; but the monunt 
it is withdrawn from the boiling viater, and exposed 10 
the mid air, the water will again become visible, it 
above mentioned, forming a dew on the inner gnrfiwe, 
and finally collecting in the bottom as in die com' 
mencement of the experiment. 

In fact, the liquid has, by the process of boiling, beHi 
converted into vapour or #teain, which is a body aimilai 
in its leading properties to common air, and, like i^ 
ie invisible. It will hereafter appear, that it litewise 
possesses the property of elasticity, and other medut- 
nical qualities enjoyed by gases in general. 

Again, let an open vessel be filled with water at 60°, 
and placed in a mercurial bath, which is maintained 
by a, fire or lamp applied to it at the temperature of 
2S0°. Place a thermometer in the water, and it will 
be obneivcd gradually to rise as the temperature of Ihc 
water is increased by the heat which it receives from 
the mercury in which it is immersed. The water will 
steadily riee in tliis manner until it attains the tempo- 
ature of 212° ; but here the thermometer immeraed in 
it will become stationary. At the same time the water 
contained in the vessel will become agitated, and itB 
mirface will present the same appearance as if bubhlei 
of air were rising from the bottom, and issuing at the 
to]), A cloudy vapour will be given off in large quuu 
titiea from its surface. This process is called ebullition 
or boiling. If it be continued for any considetaWe 
time, the quantity of water in the vessel will be send- 
hly diminished ; and at length every particle of it will 
disappear, and the Yesael will remain empty. During 
the wboie of this process, the thenuometer immersed in 
the water will remain stationary a 

Now, it will be asked, what has 1 
It cannot be imagined that it I 



We shall be able to answer tbis by adopting means to 
prevent the escape of any particle of matter from the 
TcsBel containing the water into the atmosphere or else- 
where. Let us BujipoBe that the top of tlie vesaei con- 
tuning the water is closed, with the exception of a 
neck communicating with a. tube, and let that tube be 
canieil into another close -seBsel removed from the cis- 
tern of heatei! mercury, and plunged in another cistern 
of cold water. Such an apparatus is represented in 
fig. 20. 




n of heated mercury, in which the g 
vessel B, containing water, is immersed. From the top 
of the Teasel B proceeds a glass tube C inclining down- 
words, and entering a glass vessel D, which is immersed 
m a cistern E of cold water. If the process already 
described be continued until the water by constant ebul- 
litkm has disappeared, as already mentioned, from the 
reasel B, it will be found that a quantity of water will 
be collected in the vessel D ; and if this water be 
weighed, it will be found to have exactly the same 
weight as the water had which was originally placed 
in the vessel B. It is, therefore, quite apparent that 
ihe water has passed by the process of boiling from the 
one veasel to the other ; but, in its passage, it was not 
perceptible by the sight. The tube C and the upper 
part of the vessel B hail the same appearance, exactly, 
u if they had been filled with atmospheric air. That 
lltey are not merely tilled with atmospheric air in the 
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leasel, raaj, however, be esBily proved. When the 
proceed of boiling {irgl conunences, it will be found ihu 
the tube C is coI<i, and the inner surface dry. Whra 
the procefiB of ebullition lias continued a ahort rime, 
the tube C will become gradually heated, and the inner 
■urface of it covered with moisture. After a time, 
however, this moisture disappears, and the tube attaim 
the temperature of 212°. In this state it conttnna 
ODtil the whole of the water is discharged from the 
vessel B t« the vessel D. 

These effects are easily explained. The witter in the 
Tessel B is incapable of receiving aoy higher temper- 
ature than 212°, consistently with its retaining the 
liquid form. Small portions, therefore, are eonstantlj 
converted into steam by the heat received from the 
surrounding mercury, and bubbles of steam are forraeil 
on tlie bottom and sides of the vesstel B. These bub- 
bles, being very much lighter, bulk for bulk, than water, 
rise rapidly through the water, just in the same maiv- 
ner as bubbles of air would, and produce that pecuMit 
sgitatiDn at its surface which has been taten as the 
external indication of boiling. They escape from llu 
surface, and collect in the upper part of the veseel. 
The steam thus collected, when it first cntera the tak 
C, is cooled below the temperature of 212° by the iur- 
face of the tube ; and consequently, being incapable of 
remaining in the state of vapour at any lower temper- 
ature than 212°, it is reconverted into water, and fomu 
the dewy moisture which is observed in the commence. 
nient of the process on the interior of the tube C. At 
length, however, the whale of the tube C is heated to 
the temperature of 212'', and the moisture which was 
previously collected upon its inner surface is again cou- 
verted into steam. As the quantity of steam evolve*) 
from the water in B increases, it drives before it the 
ateam previously collected in the tube C, and forces it 
into the vessel B. Here it encounters the inner surface 
of this vessel, which is kept eanstantly cold by being 
Burrounded with the cold water in which it is im- 
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ed ; and the vapour, being thus immediately reduced 
1 the temperature of 212°, is reconverted into 
r. At first it collects in a dew on the surface of 
teasel D ; but as tliis accumulates, it drops into 
totlom of the vessel, and forme a more considerable 
tity. As the quantity of water is observed lo begra- 
y diminished in the vessel B, the quantity will be 
d to be gradually increased in the vessel D ; and 
e operation be suspended at any stage of the pro- 
and the water in the two vesseU weighed, it will 
nind that the weight of the water in D is exactly 
I to the weight which the water in fi has lost, 
be demonstration is, therefore, perfect, that the 
aal diminution of the boiling water in the vessel B 
□duced by the conversion of (hat water into steam 
le Iicat. In the process first described, when the 
of the vessel B was supposed to be open, this 
1 made its escape into the air, whereit was first dia- 
A, and subsequently cooled in separate particles, 
VBB deposited in minute globules of moisture on the 
ad and on surrounding objects. 
1 reviewing this process, we are struck by the fact, 
the continued application of heat to the vessel B is 
table of raising the temperature of the water con- 
d in it above 21S°, This presents an obvious ana- 
to the process of liquefaction, and leads to enquiries 
similar nature which are attended with a hke 
t We must either infer, that the water, having 
ed at 319°, received no more heat from the mercury; 
eX such heat, if received, is incapable of affecting 
ihennometer ; or, finally, that the steam which 
H off, carries this heat with it. That the water 
vea heat from the mercury will be proved by the 
that, if the vessel B be removed from the mercury, 
' things remaining as before, the temperature of the 
dry will rapidly rise, and, if the fire be continued, it 
even boil ; but so long as the vessel B remains im- 
ed, it prevents the mercury from increasing in tern. 
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vessel, may, howeve 
procEBk of boiling firs 

ihe tube C is cold, and the inner surface dry- 
the process of ebullition liM continued s ihoi 
the tube C will become gradually heated, wd li 
surface of it covered with moisture. After » 
however, this moisture disapiiears, and the ti 
the temperature of 219°. In (his slate it 
undi the whole of the water is dischaised 6 
vessel B to the vessel D. 
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perature. It therefore receives that heat which wduU 
otherwise rtUGe the temperature of the quicksilver. 

If a theriDomeCer be immerEed in the steam whidi 
collects in Ihe upper part of the vessel B, it will aho* 
the Eame temperature (of 313°) as the water bmi 
which it is raised. The heat, therefore, received ircpni 
the mercury is dearly not imparted in a sensible fonn 
la the steam, which has the ssxne temperature in the 
farm of steam as it had in the form of naler. The 
result of the investigation contained in Chapter VLj 
respecting hquefaction, would lead us, by unaiagj, tt 
suspect that the heat imparted by the mercuiy to tlie 
water has become laient in the steam, and is instra- 
meutai to the conversion of water into Bteam, in ibe 
same manner as heat was formerly found to be inctn* 
mental lo the conversion of ice into water. Ai Ar 
was in that case detected by mixing ice with w»ter, 
re shall, in the present instance, try it by a like 
vi;t. by mixing steam with water. Let about five 
:ea and a half of water, at the (emperature of 33°, 
, be placed in a vessel A jv, 21. 

(^. SI.), and let another 
I vessel, B. in which water 
a kept constantly boiling | 
It the temperature nf 
219", communicate v 
A by a pipe C proci 
Ing from die top, so i 

, ducted from B, and escape from the mouth of the pipe 
ome depth below the surface of the water in A. 
' Aa the steam issues from the pipe, it will be imme- 
diately reconverled into water by the cold water nhicb 
Iters ; and, by continuing thia process, the water in 
! A will be gradually healed by the steam combined wilh 
it and received through the pipe C. If this process be 
mtinued until the water in A is raised to the tern* 
pei^tute of 212°, it will boil. Let it then be weighed, 
it trill be found to weigh ux. outvcea ^nd a half: 
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iroDi whence we infer that one ounce of water has heeii 
reeeJTed from ihe vessel B in the form of ateanij and 
bai heen reconverted into water by the inferior tem- 
perature of the water in A, Now, thia ounce of water 
received in the form of steam into the vessel A had, 
when in that form, the temperature of 212°. Itia now 
converted into the liquid form, and still retains the 
Rune temperature of 213° ; but it has caused tlie five 
ounces and a half of water with which it has been 
mixed, to rise from the temperature of 32° to the tem- 
perature of 212°, and this mthout losing any tem- 
pemture itself. It follows, therefore, that, in returning 
to the liquid state, it has parted with as much heat as 
is capable of raising five times and a half its own 
weight of water from 39,° to 212". This heat was 
combined with the sleam, though not sensible to the 
diermometer ,- and was, therefore, lalait. Had it been 
lendble in the water in B, it would have caused the 
water to have risen through a number of thermometric 
degrees, amounting to five times and a half the exce« 
of 212° above 32° ; that is, thiwugh five limes and a 
half 180^ ; for it has caused five times and a half its 
own weight of water to receive an equal increase of 
lempemnire. But five times and a half 180° is 990°, 
or, to use round numbers (for minute accuracy is not 
here our object), 1000°. It follows, therefore, that an 
tuncc of water, in passing from the liquid state at 
212° to the state of steam at 212°, receives as much 
heat as would be sufficient to raise it through 1000 
dwnnometric clegrees, if that heat, instead of becoming 
latent, had been sensible. 

The fact that the steam into which the water is con- 
verted contains a considerable quantity of latent heat, 
and the computation of the exact amount of that quan~ 
tity, will be still more clearly understood, if we com- 
pare the effects produced by mixing an ounce of water 
«t 212° and an ounce of sleam at 219°, respectively, 
with five ounces and a half of water at 32°. We have 
Q at 212°, muteA wviii ftie 
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ounces and a half of water at 32°, forma six onncei md 
a half of water at 212°. Now, if one ounce of water 
at 212° be mixed with five ounces and a half of water 
at 32°, the mixture will have a temperature of about 
60°. In fact, the 180^, by which the temperamre irf 
the ounce of water at 212° exceeds the temperature tf 
the five ounces and a half of water at 32°, are diatti- ' 
buted through the mixture in the proportion of the 
quantity of water, 90 that each of the five ounces and 
B half receives the same increment of temperature; 
and the loss of temperature which the ounce of watei 
at SI 2° sustains is equally diTide<l among the other five 
ounces and a half. Now, the mixture, in this caie, 
having a temperature of only 60°, while, in the case 
where an ounce of steara at 919° was mixed with fiw 
ounces and a half of water at 39°, the mixture had tiw- 
temperature of 919", it follows, that the steam ttom 
which the increased heat is all derived contains so much 
more heat than the ounce of water at the same teak 
perature, as would be necessary to raise six ounces and 
a half of water from lie temperature of 60° to the lem- 
perature of 212°, or six times and a half as much be» 
fa would be requisite to raise one ounce of water tluou^ 
about 152° of temperature. This quantity of heat will^ 
therefore, be found by multiplying 1 52° by 6^, wtdti 
will give a product of 983°, being nearly equ^ to Alt 
quantity of latent heat determined by the former eat 
culation. , 

On a Bulfiect so important as the latent heat of steam, 
it may not be uninteresting here to mention some of the 
means by which Dr. Black, the discoverer of latent heat, 
computed the quantity absorbed by water in ila coutet- 
sion into vapoui. 

If a given weight of water be exposed to a regular 
source of heat, and the time required to raise it from ihe 
temperature of 50° to its boiling point be observed, the 
rate at which it receives heat per minute may be com. 
puted. Let the time be then observed whicli elapses 
from the commencement of the ebullition to the total 
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e of the water ; and if it be assumed chat 
lute the same quantity of heat was com- 
municated to the boiling water as was communicated 
before ebullition comraenced, the quantity of heat car- 
ried off by the steam may easily be calculated. Some 
water placed in a tin vessel on a red-hot iron, was oh. 
aexred to rise from 50° to 212° in four minutes, being 
si ihe rate of 40i° per minute. The same water boiled 
nffin twenty minutes. If it received during each of these 
twenty ininutes40i''of heat, it must have carried off as 
much heat in the form of steam as would be sufficient to 
nioe water through twenty times 40^°, or 810°; a re- 
mit corresponding nearly with the quantity of latent 
heit already determined. 

If water submitted to pressure be raised to the tem- 
perature of 400°, and the mouth of the vessel which 
contains It be then suddenly opened, about a fifth of 
the whole quantity of water will escape in the form of 
Heam, and the temperature of the remainder will imme- 
diately fall to 21S°. Thus the whole moss of water 
baa suddenly lost 168° of temperature, which is all car. 
lied (.way by one fifth of the mass in the form of steaip. 
ThDE, the heat which has become latent in the steam 
will be determined by multiplying 188° by 5, which 
giTes a product of 940°. The steam, therefore, is water 
combined with at least 940° of heat, the presence of 
which ia not indicated by the thermometer. 

The date coincidence of these early observations of 
Dr.Black with the results of more recent experimenla is 
worthy of notice. The following ore the results of ob. 
servations made by five distinguished philosophers to 
ascertain the quantity of heat rendered latent by water, 
in the process of vaporisation at 212° : — Watt, flnO" ; 
Bodthem, 945°; Lavoisier, 1000°; Runiford,1001''8; 
Dc^retK, 955° 8. 

The average of all these is about 980° ; so that the 
round number of 1000^ may be taken aa a close approxi- 
mation to the Uient heat of steam raised from water at 
the temperature of SI 2". 
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In order to derive all the knowledge from these M 
periments -nliich the; arc capable of imputing, it viU 
be neceBBar;^ to examine very carefdlly how water e 
ports itself under a variety of different drcumstiince! 

if water be boiled in an open vessel, with a thermi). 
meter immersed, on different days, it will be observed 
that the fixed temperature which it aasumes in boiling 
will be subject to a variation within certain small limiD, 
Thus, at one time it will be found to boil at the tai- 
perature of 210°; while, at others, the thermometer 
immersed in it will rise to 213°; and, on different « 
BJons, it will fix itself at diffferent points within the* 
limits. It will also be found, if the Esme experimen 
be performed at the same time in distant places, 
the boiling points will be Eubject to a like V8ri«l 
Now, it is natural to enquire what cause produces thii 
variation ; and we shall be led to the discovery of die 
cauee, by examining what other physical eSbcts undergo 
a simultaneouB change. 

If we observe the height of a barometer at the liisc 
of making each experiment, we shall find a very remiA- 
able correspondence between it and the boiling tem|icf- 
atnre. Invariably, whenever the barometer atandi ■> 
the same height, the boiling temperature will be the 
same. Thus, if the barometer stand at 30 inches, i1k I 
boiling temperature will be 212°. If the luiromeler firfl 
to 39i inches, the thermometer stands at a small fiactioD 
above SIl". If the barometer rise to 30^ inches, the 
boiling temperature rises to nearly 213°. The varialloQ 
in the boiling temperature is, then,BCCOinpanied by a va- 
riation in the pressure of the atmosphere indicated by (far 
barometer; and it ia constantly found that the boiling 
point will remain unchanged, so long as the atmosphenc 
pressure remains unchanged, and that every increue in 
the one causes a corresponding increase in the other. 

From thefe fact* it must be inferred, that the pie»- 
Bure excited on the surface of the water has a tendency 
to resist its ebullition, and to make it necessary, before 
it can boil, that it should receive a higher temper- 
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i; and, on the contrary, that every diminution of 
wre on the surface of the water will give an increased 
ty to the process of ebullition, or will cause that 
^es to take place at a lower temperature. As these 

are of the utmost importance in the theory of heat, 
ly be useful to verify them by direct experiment. 

the variable pressure excited on the surface of the 
r by the atmosphere be the cause of the change in 
toiling temperature, it must happen that any change 



• produced by i 
il means on the surface 
he water must Ukewise 
ge the boiling point, ac 
ng to the same law. Thus, 
1 pressure considerably 
er than the atmospheric 
aie be excited on a liquid, 
KriUng point may be ex- 
id to rise considerably 
e212°; and, on the other 
, if the surface of the 
r be reheved from the 
ure of the atmosphere, and 
ibmitted to a consider* 
dlminlBbed pressure, the 
r would boil below 212°. 
!tB(/ff.22.)be a strong 
rical vessel of brass, sup- 
id on a stand S, under 
h is placed a large spirit 
iLjOr other means of heat- 
t. In the top of this ves. 
re three apertures, in two 
'hich are screwed a tlier. 
leter T, the bulb of which 
rathe hoUon brass sphere, 
a stop-cock C, which may 
oaed or opened at plesBure, 
onflne the steam, or allow 



Fig- 22. 
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In the third aperture, at the lop, i 



a long barometar tube, open at botb ends, 
lower end of this tube extends neaciy to the bol 
of tlie spherical vessel B. In the bottom of this vi 
ia placed a quandty of mercury, the surface of wUdl I 
rises to some height above the lower end of the tube A. I 
Over the mercury is poured a quantity of water, m tt to I 
half fill the vessel B. Matters being thus a: 
screws are made tight so as to confine the water, and tlw 
lamp is allowed to act on the vessel ; the temperature of 
the water is raised, and steam is produced, which, being 
confined within the vessel, exerts its pressure on (be 
surface of the water, and resists ia ebullition. The 
pressure of the steam acting on the surfsee of the water 
is communicated to the surface of the mercury, and it 
forces a portion of the mercury into the tube A, whidi 
presently rises above the point where the tube ia screwed 
into the top of the vessel B. As the action of the lamp 
continues, the thermometer T exhibits a gradu^j ii^ 
creasing temperature; while the column of mercaryiliA 
shows the force with which the steam presses on the 
surface of the water in B, this column bein;; balanced 
by the pressure of the steam. Thus, the temperature 
and pressure of the steam at the same moment may 
always be observed by inspecting the thermometer T 
and the tube A. When the column in the tube A hat 
risen to the height of 30 Inches above the level of die 
mercury in the vessel B, then the pressure of ihesteam 
will be equivalent to doubk> the pressure of the atmo. 
sphere, because, the tube A being open at the top, the 
atmosphere presses on the surface of the mercury in it. 
The thermometer T will be observed gradually to rise 
until it attains the temperature of S12°; but it will not 
atop there, as it would do if immersed in water boiled 
in an open vessel. It will, on the other hand, continue to 
rise ; and when the column of mercury in A has attained 
the height of 80 inches, the thermometer T will hare 
nam to 250", being bS" above the ordinary binlii^ 
pdBU ,J { 
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Buring the nhole of tMs process, the surface nf the 
wMer bdnR submitted to a constantly increasing pres- 
■nte, its ebullition is prevented, and it continues to 
Rceire heat without boiling. That it is the increased 
ptMure which resists i(s ebullition, and causes it to re- 
ceJTe a temperature above 212°, may he easily shown. 
Ut the stop-cock C be opened ; immediately the steam 
!d B, having a pressure considerably greater than that of 
&e atmosphere, will rush out, and will continue to issue 
kma C, until its pressure is balanced by the atmosphere. 
At the same time the column of mercury in A will be 
observed rapidly to fall, and to sink below the orifice by 
»!ueh it is inserted in the vessel B. The thermometer 
T also falls until it attains the temperature of 212°. 
Ai that point," however, it remains stationBry; and the 
water will now be distinctly heard to be in a slate of 
npid ebullition. If the stop-cock C' be once more 
eiosed, the thermometer will begin to rise, and the co- 
lumn of mercury ascending in A will he again visible. 

If, instead of a stop-cock being at C, the aperture 
•ere made to communicate with a valve, like the safety- 
live of a steam engine, loaded with a certain weight, 
aj at the rate of ISlbs. on the square inch, then the 
ihennometer T, and the mercury in the tube A, would 
not rise indefinitely as before. The thermometer would 
cgntinue to rise till it attained the temperature of 250°; 
md the mercury in the tube A would rise (o the height 
of SO inches. Ac this limit the resistance of the valve 
would be balanced by the pressure of the steam,; and as 
fssl SB the water would have a tendency to produce 
steam of a higher pressure, the valve would be raised 
and the steam suffered to escape ; the thermometerT and 
the column of mercury in A remaining stationary dur- 
ing this jirocess. If the valve were loaded more heavily, 
the phenomena would be the same, only that the mer- 
cury in T and A would become stationary at certain 
heights. But, on the other hand, if the valve were 
loaded at a less pressure than 1 jibs, on the square inch, 
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1 the mercury in the two tubes would I 
fionary at lower jioints. 

These experiments show that eTerjr increase of pni* ' 
sure above the onlinary pressure of the atmospbot 
causes an increase in the leraperature at which Witcr 
boils. We shah now encjulre whether a dimitiutiail </ 
preESure will produce a corresponding effect on the 
boiling point. 

This may be easily accomplished by the aid of an ur 
pump. Let water at the temperature of 200" he 
placed in a glass ve«sel under the receiver of an lir. 
pump, and let the air be gradually withdrawn. Afte 
a few strokes of the pump the water will boil ; andif 
the mercurial gauge of the pump be observed, it will le 
found that its altitude will be about 23^ inchn- 
Thus the pressure to which the water is Bubmitltil 
has been reduced from the ordinary preesntfi of 
the atmosphere expressed by the column of SO 
inches of mereury to a diminished pressure n- I 
pressed by 23^ inches; and we find that the Wan-' 
pcrature at which the water boils has been loweied 
from 219" to 200°. Let the same experiment lie 
repeated with water at the temperature of 180°, and 
it will be found that a further rarefaction of the lir it 
necessary, but the water will at length boil. If die 
gauge of the pump be now observed, it will be found to 
stand at about 13 inches, showing, that at the tem- 
petature of 180'' waier will boil under half the or- 
dinary pressure of the atmosphere. These experimeOtt 
may be varied and repeated ; and it wit! be alwayi 
found, that as the pressure is diminished or increaied, 
the temperature at which the water will boil will to 
also diminished or increased. 

The same effects may be exhibited in a. BtrikinfC 
manner without an air pump, by producing a vacuum 
by the condensation of steam. Let a small quantity of 
Iter be placed in a thin glass flask, and let it be boiled 
' holding it over a spirit lamp. When the steam is 
eervnl lo issu» abundantly from the mouth of the 



flldi, let it be quickly corktU and removed from th« 
lunp. The process of boiling will then cease, and the 
»il£t will become quiescent ; but if the flask be plunged 
ia a vessel of cold water, the water it eontaina will 
Igain pass itiU> a state of violent ebullition, thus ex- 
Ubiting the singular fact of water being boiled by 
Mling it This effect is produced by the cold medium 
n which the Uask is immersed causing the steam above 
be surface of the water in it to be condensed, and 
herefore relieving the water from its presanre. The 
rater, under these circumstances, boils at a lower tem- 
crature than when submitted to the pressure of the 
acondensed vapour. 

There is no limit to the temperature to which water 
lay be raised, if it he submitted to a sufGcienC pressure 
I Tenet its tendency to take the vaporous form. If a 
rang metallic vessel be nearly tilled with water, so as co 
vveDt the liquid from escaping by any force wliicli 

can exert, the water thus enclosed may be heated to 
If temperature whatever without boiling; in fact, it 
ay be made red.hot, and the temperature to which it 
»y be raised will have no limit, except the strenglh of 
e vessel containing it, or the point at which the metal 

which it ia formed may begin to soften or to be 
sed. 

The following table will show the temperature at 
sich water will boil under different pressures of the 
noaphere corresponding to the altitudes of the baro- 
eter between Sti and SI inches. 
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From this table it appears, that fbr every tenth if 
an Inch which the barometric colomn variix betweei 
these limits, the boiling temperature changes by ibc 
fraction of a degree expreesed hy the decimal 'liS, m 
nearly to the vulgar fraction i. 

It is well known, that as we ascend in the atmoepheR, 
the pressure is diminished in conseqttence of the qiun- 
dty of sir left below it, and consequently the barometer 
falls as it is elevated. It follows, therefore, that in 
atations at difierent heights in the almoBphov, vUa 
will boil at different temperatures ; and the mediuni ICB- 
perature of ebullition at any given place muBt, ihoc 
fore, depend on (he elevation of that place aboTE th 
surface of the sea. Hence the temperature of boiliog 
water, other things being the same, becomes an iikdi- 
ca^on of the height of the station at which the water 
is boiled, or, in other wonU, becomes an indication of the 
atmospheric pressure ; and thus the thermometer aervK 
in some degree the purpose of a barometer. 

A table eshibiting the medium temperature at whidi 
water boils in the different jilaces at various heiKhtt 
above the level of the sea, will be found in the Af- 

We have seen that the vapour into which water is 
converted by heat possesses the leading qualitiea of 
common atmospheric air, and if not submitted to a 
minute examination might be mistaken for highly 
heated air. It is perfectly transparent and invisible ; 
for, in the ffrst experiment describe<l in this chapter, 
when the water was boiled in the ffask until the whde 
of the liquid had been converted into steam, the flaA 
had the same appearance as if it were (illeil with w. 
It might be objected to this statement, that the steam 
which issues from the spout of a boiling kettle, or 
which proceeds from the surface of water boiling in sn 
open vessel, ii visible, since it presents (he appearance 
of a cloudy smoke. This appearance, however, ii 
produced, not by steam, but by very minute particles of 
wmter ariaing from the condensation of steam in passing 




through the cold air. These minute particles, boat- 
ing in the air, become in some degree opaque, aud are 
risible like the particles of smoke. Such cloudy sub- 
■tanceB, therefore, are not true vapour or sleam. 

But the most important property which steam et^oys 
ia common with atmospheric air and other gaitcs, and on 
which, like them, all its mechanical properties depend, 
is its elasticity or pressure. If a quantity of pure 
Bteain be conJined in a close vessel, it will, like air, ex- 
ert on every part of the interior surface of that vessel 
a certain determinate pressure, directed outwsrda, and 
having a tendency to burst the vessel. A bladder 
might thus be inflated with steam in the Kaine manner 
as with atmospheric air; and, provided the temperature 
of the bladder be sustained at that point necessary to 
prevent the steam from returning to the liquid form, 
its inflation would continue. 

By virtue of this property of elasticity, steam or air 
ia expansible, and, when freed from the limits which 
confine it, will dilate into any space to which it may 
hare access. Suppose a piston placed in a cylinder, in 
which it moves steam-tight, and between the piston and 
the bottom of the cylinder let any quantity of steam be 
contained ,- if the piston be drawn upwards, so as to 
produce a larger space lielow it in the cylinder, the 
eteam will expand, and All the increased space as eftec- 
tnally as it filled the more limited dimensions in which 
it was first contained. At it expands, however, its 
elastic pressure diminishes in exactly the same manner, 
and in the same proportion, as that of atmospheric air. 
When the space it occupied is doubled, its temperature 
bang preserved, its elastic pressure is halved ; and, in 
like manner, in whatever proportion the space it fills be 
increased, its clastic pressure will be in the same pro- 
portion diminished. 

It is found that the steam which is raised from 
boiling under any given pressure has an elasticity al- 
ways equal to the pressure under which the water 
hoila. Thus, when water is boiled under the ordinary 
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fttmosplieric pressure, nben the barometer Btaada it 
thirty inches, the steam, which is dlBmiEsed at llie ICO' 
peratiire of 212° has an elastic pressure equal to thUol' 
the atmosphere. If water be boiled under a dimiDJfiheil 
pressure, and therefore at a lower temperature, the 
BleaiQ which is produced from it wiQ have a premuR 
which is diminished in an equal degree. Thus, nUl 
boiled under pressure corresponding W 15 inchei of 
mercury, and at a temperature of 180°, will produce 
■team, the elasticity of which will be equivalent to a 
column of 15 inches of mercury. 

Numerous experimants have been made, and inn*- 
ligations instituted, with a view to determine some find 
relation between the temperature at which water boili, 
and the elasticity of the steam which it produces ; biU 
hitherto without succees. That some fixed reLadiffl 
does exist, there can be no doubt; because at the muk 
temperature steam of the same elasticity is invartaUj 
produced. Tables are constructed expressing ihe elat- 
ticity or pressure corresponding to different tern] 
Btures, and empirical forniulie Dr rules have 1 
attempted to be formed from the results of these ta! 
by which the elasticity may in general be deduced 6«ii 
the temperature, and vice versd. We shall i 
this subject. 

Another remarkable property which steam enjoys, in 
common with the air and tlie gases, is its extreme light- 
ness compared with the ordinary weight of bodies in 
the liquid and soUd forms. When water is b(nUd 
under the medium pres-ture of the atmosphere, ibe 
barometer standing at thirty inches, the steam which ia 
produced from it is, bulk for bulk, nearly 170O timci 
lighter than the water from which U is raised. Thuf, 
acubicinchof water, when converted into steam at S1S°, 
will produce about 1700 cubic inches of 'steam.- At* 
first view it might be supposed that this enorrnous in- 
crease of bulk might proceed from the circumst 
some other body being combincii with the v 
forming the steam ; but that this is not the cas 



letat, that no ponderable bod; is so combined with it, 
Jtay be delennined by weighing the Eleatn and the 
water respectively. These weights wUI always be found, 
W alrcaily stated, to be equal. This expansion which 
Kftter undergoes in its transition from the liquid to tile 
Tap<»ouE state is subject to great variation, as we shall 
presently explain, according to the temperature and pres~ 
aire at whidt it ii raised. 

In the experiment already describe<l, by which the 
latent heat of steam was determined, the water was sup. 
posed to be boiled under the ordinary pressure of die 
atmosphere. Having seen, however, that water may 
boil Bt different temperatures under different pressures, 
ifae enquiry presents itself, whether the heat absorbed 
in vaporisation at diferent temperatures, and under 
diffferent pressures, is subject to any variation ? Ex- 
periments of the same nature as those already described, 
imdtutcil upon water in a state of ebullition at different 
temperatures as well below as above 212", have led to 
the discovery of » very remarkable fact in the thtory of 
vapour. It has been found that the heat absorbed by 
vaporisation is always less, the higher ihe temperature 
at which the ebullition lakes place ; and less, by the 
int as the temperature of ebullition is in- 
I'hus, if water boil at 312", the heat absorbed 
h«bullition will be less by 100° than if it boiled at 
' ~ ' ; and again, if water be boiled under a diminished 
, at 1 12°, the heat absorbed in vaporisation will 
more than the heat absorbed by water boiled 
. It follows, therefore, that the actual con- 
itiOD of beat in the process of vaporisation must be 
, whatever be the temperature at which the 
on takes place ,- for whatever heat is saved in 
i'sensible form is consumed in the latent form, and 

Let us suppose a given weight of water at the temper- 
eof 32" to be exposed to any regular souree by which 

t may be supplied to it. If it be under the ordi- 
r atmospheric pressure, the first 180° of heat which 
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ie«ibHtt:rfi»>fa*«HKCfMltabaif the atmospheric 

ftn^mr, Aeb Ac ii« IW' of hat wluefa it recara 
«a c^ It M hd. md Ik Ben 1032° wiU amtat 
it ■«■ n^'v. TliH, ik:^ at the tetnpentiue of 
ISff* c^briH > I' M Kiij «f hnt Bore dun the Mmc 
^^I6tf «r «M(r K »°, br 1032° mdded to 14S«, 
wlkk ghwsi^af IISO°. Stem, therefore, niMd 
•ndb' Ae ciAM*7 pMm of ibc «tiiioq>here at 213°, 
mJ *!■■ iMiil inrlri hitf ilwT |iiii«iii at 160°, cm- 
!■■ (be ^ne qainlity vf heal, with this difieraicc 
hIj, ihu the oae hM man btent beat, and les ko. 
alk heat, dun die oAa.' 

Vnm this bet, that dte siiia of the latent and ten- 
nfale hntH of the opour of wai^ is consunl, it fbUowi 
that the Bsme quantity of heat it necessary to Movert t 
f^Ten weight of water into steam, at whatever temper, 
■tare, or under whatever pressDre, the water may be 
boiled. It follows, also, that, in the steam-engine, eqiul 
weights of high.pressure and low-pressure slenn ue 
produced by the same consumption of fuel ; and thatjia 
general, the consumption of fiiel is proportional to it 
^antity of water vaporised, whatever the prewoM of 
the steam may be- 

The quantily of heat coDsumed thus depeniling on till 
weight of water evaporate-.l, it is obviously a point m 
considerable practical importance to determine the spe- 
cific gravities or dennitics of steam raised under differeal 
pressures, and at different temperatures ; yet this is i 
point on which even philosophical authorities, in geiwrtl 
entitled to respect, appear to have fallen into error. It 
has been slated that the specific gravity or densily of 
■team is always proportional to its preasure.f This, 
however, is not correct. The true law for the variation 
0f the density or specific gravity of steam is the sunt 

M AwMHlls, X. i TbHuu on HeU util Si 



u that of air: it is proportional lo the preasure or elas- 
Sdty, pTomded the temperatures are the mme. If, 
\ixtn, we have steam raised from water under two dif- 
ferent preaaurea, and at two differeot temperatures. Jet 
the temperatures he equalised by applying heat to the 
iteam of the lesser pressure out of contact with water, 
its pressure being meanwhile preserved. When the 
temperatures are thus rendered equal, then their densi- 
tiea or specific gravities will be in the same proportion 
w Adr piesBUres.* 

If the space helow the piston P, in the cylinder AB 
Fig.^. (jr3.23.),beeompIetelyfilled with water, 

and a sufficient force be exerted on the 
piston to prevent it from rising in the 
cylinder, the water under it may be 
heated to any required temperature ; 
because, no space being allowed for the 
formation of ateam, no heat can become 
latent, and, therefore, all the heat com- 
municated to the water will be eiffeclive 
in raising its temperature. If the tem* 
peralure of the water under these cir- 
cnmstancea were raised until it attained 
the limit of 1912°, it would have all 
the heat necessary to give it the vapor- 
ous form, no part of that heat beingin 
tUs CMC latent. In fact, the water would, under such 
dKnmst&nces, be converted into vapour, in which the 
whole of the heat would be sensible, and which would 
have no latent heat except such as the water 
in the liquid state. If the piston, under thea 
tlances, be raised, the water, or rather ateam, below it, 
will expand, and as it expands its temperature will fall, 
a portion of the sensible heat becoming latent. If the 
piston were raised until the space below it were in- 
creased 1700 times, the steam would fall to the tem- 
perature of ■212°, and 1000° of heat would became 
latent. In fact, the steam would then be identical in 

t See Appendix, XT. 
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its constiCution and properties with steam rused &oni 
water at the temperature of 212°, and under the orii- 
nary atmospheric pressure. If the piston be ruaedot 
lowered under these circum stances, the ateam would 
take all poEslble temperatures and pressures, and wonlii, 
in each case, be identical with the steam raised fran 
water under a corresponding pressure and temperature. 

The sum of the latent and sensible heats of steam 
being always the same, it follows that, if we linon (be 
latent heat of steam at any one temperature, the latent 
heats at all other temperatures is a subject of easy ul- 
culatiim. Thus, if the sum of the latunt and sensible 
heals be 1212°, the latent heat of steam at 500° of 
temperature must necessarily be 712°, and ste«n at the 
temperature of 1000" will have only 212° of latent belt. 

It follows, also, that, in order to maintain water iat 
state of vapour, the Eum of its latent and sensible huo 
cannot be less than 1212° ; and if it be reduced bdow 
this, by being caused to impart heat to any other ottject, 
then a portion of the vapour must return to the liquiil 
state, giving its latent heat to the vapour which reiww, 
BO as to raise the sum of the latent and sensible heatt of 
that vapour to 121^°. ^Vlien so much steam becomea 
liquid as is capable of accomplishing this, then tb« re- 
mainder of the vapour will continue in the aeriftmn 
state. If steam receives no heat except that which i» 
imparted to the water during the process of vapoiw- 
ation, the sum of its latent and sensible heats cannot he 
greater than 1212°, and therefore such steam caiUMt 
lose any heat without undergoing partially the procw 
of condensation ; but if steam, after the process of n- 
porisation, has received an increase of temperature by 
heat supplied from some external source, then the som 
of its latent and sensible heats will be greater tbui 
1212° by tile heat so received, and the steam may lOK 
that excess of heat above 1212° without undeijwiij 
any condensation. 

In considering the properties of steam at present, we 

ill, however, regard it as having receiTed no kMt 
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except that which it receives in the process of vaporiB- 
Btion, unless the contrary be dietiDCtly expressed. 

It is well known that air and the Raaes generally ad- 
mit of compression and rarefaction trltllout any practical 
limit, and that their elasticity is susceptible of increase 
■nd dimimition, as the sjiaee they fiU is contracted or 
ealarged. Let a cyUnder, in which a piston moves air- 
I^it, have the space below the piston filled with atmo- 
spheric air in its ordinary state. By the application of 
adequate mechanical force, the piston may be pressed 
towards the bottom of the cylinder, so that the air 
beneath it shall be forced into a more confined space. 
The effect of this compression will be twofold, — an in- 
crease of temperature and an increase of elasticity. If 
Hie piston, on the other hand, be raised so as to allow 
die air to expand into a more enlarged space, the con- 
trary effects will ensue, — the temperature of the air will 
fall, and its elasticity will be iliminished. Whether air 
AuB enclosed be compressed into a more limited space, 
or allowed to expand into a more enlarged space, it 
never passes from the aeriform slate, nor loses its pro- 
per^ of elasticity. No known degree of compression 
has caused it to become a liquid, nor has any degree 
of expansion caused it to lose its elastic property. 

Let us now suppose the space below the piston, instead 
of air, to be filled with steam raised from water at the 
temperature of 212°. If the piston be raised, this steam 
will expand, its temperature will fall, and its elastic 
force will diminish in the same manner as already de- 
cerihed for common air, and, as with common air, there 
b no known limit to the extent of this expansion. 

If, however, the piston be pressed toward the bottom 
of the cyhnder, it has been generally stated that steam 
wQl not comport itself like common air under the same 
euGomstatices ; that it will not retain the vaporous form 
on being compressed, nor increase its elasticity ; 
that, on the contrary, as the piston is depressed, it will 
be partially restored to the liquid s 
pOMion which remaioi in the vaporous fi 
M * 
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the same density and elasticity as it had before the piBtOQ 
wae moved. In facl, if the piston be depressed so as ts 
reduce t)ie space occupied by tbe steam to one half iU 
original dimensions, it has been assumed that in thai 
case one half die steam under the piston would be re- 
stored to the liiiuid form, and would become watei of 
the temperature oFSlS", while the remaining half wonM 
sdll retain the vaporous form, and have the same tem- 
perature and density as before.* 

From this alsteraent, however universally admitted, 
I must most ilittinctly dissent, unless it he assumed, U 
tbe same time, that a lai^ quantity of heat has been 
abstracted from that portion of the steam which is re- 
duced to the hquid form. If this do not happen, and 
the same quantity of heat remain in the vapour under 
the piston, no change to tbe liquid form can, iu my 
opinion, take place. The steam originally contained in 
the cylinder t^low the piston has that quantity of latoit 
and sensible heat which is necfinarg end mifficigrU to 
maintain it in the va|>orous form fn all degreei ofim- 
tily. If the steam be conipresse<l by the piston, we 
cannot snppose a portion of it to be condensed into 1 
liquid, without at the same time supposing that portioa 
to part with about 1000° of latent heat ; but this sap. 
poeition cannot be admitted, unless we suppose iheh^ 
■o dismissed to pass oft' to some external object, the con- 
trary of which is the sup|iasition upon which I have 
here argued. 

1 consider that tile effects of the compression of steaa 
thus enclosed, would be the same as already described 
with respect to air. The temperature and pressure wiQ 
be increased, but no pordon of it will be condensed into 
a liquid. In every stale of density to which it will be 
reduced by compression it will take that lemperalme 
and pressure which steam of the same density raised ijn- 
^■diately from water would have. If tlie piston be 
I reduce the stcani to one half its on- 



ginal bulk, llien, its deiiiiily being doubled, it will acquire 
that temperature at which Eteam of double the degree 
of density would be raised from water. The steam will 
be in all reepects, both with r^ard to its latent and 
seuiible beat, its density and its elasticity, the same ts 
Eleam raised from water boiled at the increased temper- 
ature. SimUar observations may be applied lo any de- 
gree of compression whatever; audit will fallow, not 
only that no part of the steam will be restored to the 
liquid form by reducing its bulk, but that no degree of 
compreseiou whatever will be capable of reducin); any 
part of it to the liquid Etate. If the pislon could 1^ 
moved towards the bottom, so as to reduce the diinen- 
BioiiB of the steam to those which it had when it existed 
in the liquid state, which would be accomplished fay 
advancing it within a distance of the bottom of the 
cylinder equal to about the 1700th part of its original 
distance, it would continue to be steam, but would have 
a prodigiously increased elastic force, and a temperature 
of 1S12°. The steam would in such case be reduced 
to the state explained in page l65., and 'would be iden. 
Ileal with water raised in a close vessel to the tempcr- 
abireof 1212°. Itisobvioue that the practical exhibition 
of such effects as here described would be obstructed 
by the difficulty of preventing the escape of the sensible 
heat developed in the compression of the steam. 

The true cause of the conversion of any part of a 
vapour to the liquid form, I consider lo be Che riiminu- 
tion Iff that gam of nenxible and laletU heat which it es- 
letitial to Ike exUlence of vapour. Such a loss of heat 
would equally cause the vapour to return to the liquid 
stale, whether compressed into a less bulk or expanded 
into a greater one. If the piston had been previously 
raised, and a small quantity of heat at the s 
abrtracteri from the vapour, a portion of the vapour 
would immediately he condensed, and a small portion 
would be condensed by the same loss of heat, in what- 
ever stale of compression or rarefaction the steain. \ax^ 
Tbia eondemndoB is therefore dtogetihet Vn&e-' 
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pendent of any effects produced on the detwtj ot tbc 
Meatn by any mechsnical compression.* 

The pressure on the surface of water, thongh ihc 
principal cause which affects the boiling point, is mt 
the only one. It has been already stated, that the nu- 
terial of which the vessel is composed, in which the 
process of boiling takes place, has also an effect upon 
the boiling temperature. It is found that in B vessel of 
glass, water boils at a lower temperature than in a vessel 
of metal. Foreign matter also held in solution by the 
water produces a change in its boiUng point ; but tlm 
should rather be considered as a distinct liquid. 

If heat be applied to other liquids, results will te 
obtained showing that the phenomena already esplaoed 
with respect to water, are only instances of a more nn- 
merons class, applicable to all liquids whatever. The 
application of heat to any hquid causes its tempera- 
ture, in the first instance, to rise ; and this increase at 
temperature continues until the liquid attains a state 
Bimilar to that of bailing water, when a thermometei or 
pyrometer, immersed in it, would become atationarj. 
The continued application of heat now no longer cauM 
the liquid to rise in temperature, but produces vapml 
rapidly, so that the liquid boils away in the same mm' 
ner as already described with respect to water, and *11 
the effects before explained take place, differing only 
in the temperature at which the ebuUition commencet, 
■nd in the rate at which the vapour is produced. Dif- 
ferent liquids attain the stationary temperature of ebul- 
lition at different points ; and hence the boiling ptnDt 
bKome« a speciflc character to distinguish material sab- 
■tann^ They Ukewise, in passing into the vapoioOB 
form, render dil&rent quantities of beat latent. 

IM a thermometer, consisting of two metallic bin, 
MCh as that described in page 4^., be fixed in a vend 



M as to e\lencl across it in a horizontal position, and bo 
that the extremity, bearing tiie graduatetl scale, ahull 
pass through the aide and project outside the vessel. 
Let melted lead be now poured into thin vessel, so ai to 
cover the parametric bars, and let the wholes be placed 
on a fdrnace. The divided scale, during the continaed 
application of the lire, will constantly show an increas- 
ing temperature until the lead boils. The expansion of 
the bars will then cease, and the pyrometer will become 
fixed in its indication, and wiO continue fixed until the 
whole of the lead is evaporated. 

Again, let a common thermometer be immersed in 
phosphorus at the temperature of 300°, and, being 
placed in a vessel, let it be exposed to the action of heat. 
It will continue to rise until it attains the temperature 
of 554°, where it will become stationary, and the pbos- 
phoms will boil. The thermometer will become station- 
ary until the whole of the phosphorus is evaporated. 

The correspondence of tliese results with those ob- 
tuned in the experiments instituted upon water is 
obvious. The analogy might be still further confirmed 
by uwng a close vessel, like that represented in fig. 20., 
■nd carrying over the vapour of the lead, or the phos, 
phoruB, into a vessel exposed to cold, where it might 
he re-collected in the liquid form. It is clear that, in 
all these instances, during the process of ebullition, 
heat haa become latent, because heat continues to be 
supplied to the vaporising body, although the vapour 
produced by the supply of such heat is found to have 
no greater temperature than that of the Uquid from 
which it is produced. The same result would be ob- 
tained by similar experiments made on other substances ; 
and we may, therefore, generalise the facts established 
\xf the experiments already described upon water, and 
slate that all bodjea, when in the liquid form, are capable, 
by increasing their temperatures, of being converted into 
vapour ; and that in this conversion a large quantity of 
beat must be supplied, which becomes latent in the 
npom, because, notwittutanding the increased supply of 
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temperature. 

Tben; is no liquid upon which the effects of hu ' 
have been so minutely examined as water. The Utat 
heats of a few otiier liquids have been accuratelj ifc- 
teriained ; but much still remains to be done in tins 
department of physice. Count Rumford examined tbt 
latent heats of several vapoure, by causing them to It 
condensed in a refrigeratory, so that they imparted theii 
latent heat to water. He then determined the wS^ 
of the liquid which had been condensed, and, by com- 
paring with it the heat imparted to the water in the 
refrigeratory, he obtained the latent heat. Dr. Ure and 
M. Despretz also made experiments on some liquidi, the 
results of which were as follows ; -^ 
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Alcohol lapnur (sp. gr. 0'T99) 
Sulphuric eUier{sp.Br.0-71i: 

Ammonia {sp. gr, -0978) - 
Nitric acid (sp. gr. 1-494) - 
Napbcha 


Dcsprel! 
Despreli 
Desprtti 
Detpn'tz 

Ura 
Ure 


9.%" 

597 '4 

314-1 

!99'i6 

837-28 

,Ml-99 


163-44 
138'M 
863 
3SS 

7S-7T 



The boiling points of all liquids ore affected by prcf 
mre in the same manner as 'the boiling point of water, 
every increase of pressure causing it to fall. In coni< 
paring the boiling points of different liquids one wiA 
the other, it is, therefore, necessary to take ihem all 
under (he same pressure ; and the pressure usually 
adopted for this purpose is the mediilm pressure of the 
' atmosphere, or thirty inches of mercury. 

The comparison of the melting and boiling points of 
bodies does not present any general feature which could 
iv as a basis for any obvious Inference, connecliiig 
the jihenojDeiHi of fuwoti BOid ebuKlio^ -wivU ftvmi t^hst 
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properticB. Generally, but not invariably, the higher on 
the scale of temperature the melting point is, the higher 
will be the boiling point; but to this there are many 
exceptions. Mercury freezes at 3^° below 0', and 
boUs at a temperature of about 660°; while, on the other 
hand, phosphorus melts at 1'1>0° above the melting tem- 
perature of mercury, anil boils at about 110° below the 
boiling temperature of that metal. 

The temperatures at which various substances melt 
and boil will be found in a table in the Ap[>cndix to thia 
volume.* 

Since, by continually imparting heat to it, a body in 
die liquid state at length passes into the form of vapour 
or air ; analogy would lead us to expect tbat, by con- 
tinually withdrawing heal, a body in the aeriform state 
would at length return to the liquid atate. In the case 
of vapour raised from hquids by heat, this is found'to 
be universally true. In the experiment described in 
page 147-, the steam of water, having passed from the 
heated veseel to one maintained at a lower temperature, 
was caused to impart its heat to the surrounding medium, 
Uid immediately returned to the hquid state. The 
same result would be obtaineil under the same circum- 
■tances in any liquid body vaporised. The vapour, 
being exposed to cold, is deprived of a part of that heat 
which is necessary to sustain it in the aeriform atate, 
and a portion of it is accordingly restored to the hquid 
form, and this continues until, by the constant abstrac- 
tion of heat, the whole of the vapour becomes liquid. 
As a liquid, in passing to the vaporous form, undei^es 
an immense expansion or increase of bulk ; so a vapour, 
in returning to the liquid form, undeigoes a correspond- 
ing and equal diminution of bulk. A cubic inch of 
water transformed into steam at 212°, enlarges in mag- 
nitude 10 1700 cubic inches, as already observed. The 
same sleara, reconverted into water by abstracting from 
it the heat consumed in its vaporisation, will be rc- 
UOKd to its former bulk, and will form one cubic inch 
• ApjHiniUi, XIIL 
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(rf water at 212°. Vapours raised from oiber b 
would undergo a iiimdar change, diffiring only in the 
(legref of dimiuudon of bulk which they would saSa 
respi^otivt'ly. The diminished Rpace into which llu 
particles of a vajwur are graduaily condensed when il 
psEseE into the liquid statf has caused this process to 
be called corideneation.* 

No liquid has been submitted Co so minute an o- 
amination, with reapect to the etfecla produced upon il 
by heat, as water ; and, with respect to other Uquida, 
we are compelled, in the absence of experimental proof, 
to reason from analogy. The principle that tile nan 
of the lalt^nt and sensible heats of vapour is the sitae 
for ali temperatures, may be extended, with a high de- 
gree of probability, to the vapours of all liiiulds wbil- 
ever; so that we may assume this sum hi be couelint 
for each liquid, though differing in one Uquid compind 
with another. To maintain the vapour of any Uquid 
in the aeriform state, it is therefore necessary that il 
should contain at least a certain quantity of heat, what- 
ever be its temperature; and any diminution in ^ 
quantity cannot fail to produce the condensation of a 
corresponding portion of the vapour. If the vapour of 
1 liquid, therefore, has received no beat after having 
passed from the Uquid to the vaporous form, it cannot 
lose any portion of the heat it contains witliout a partjil 
condensation ; but it is important to observe, that a 
vapour, whether of water or any other hquid, may, af^ 
having attained the stale of vapour, receive an additionil 
supply of heat to any eKlent, and may thus have iti 
temperature raised to any point whatever. Independ- 
entiy of tlie heat which it received in the process of 
vaporisation, all the heat which it has thus received 
in the btate of vapour it may lose, and yet remain in 
Under such circumstances, therefore, it 
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must not be inferred that a reduction of temperature in 
TapouT necessarily causes condensation. Condensation 
canoot commence untU the vapour loses all that heat 
which it received after taking the form of vapour ; but 
when it has Iwt so much, then any further abstraetion 
of heat must be attended by condenslaion. 

By the great change of volume nhich a vapour un. 
dei^oes in condensation, it becomes an efficient means 
qOf producing a vacuum, without the exertion of me. 
chanical force. Let a glass tube be provided^ having 
at one extremity a large bulh, the other extremity being 
<^en. Let a small quantity of hquid be introduced 
into the bulb through the tube, and let a spirit lamp be 
placed under the bulb, so as to cause the liquid to boiL 
The vapour of the hquid will tirat mix with the air in 
the bulb and tube; but, as its quantity increases, its 
elasticity will cause it to issue through the tube, which 
it will at length raise to its own temperature, so as to 
enable it to pass from the mouth of the tube in the va. 
porous form, without being previously condensed. The 
(tream of vapour proceeding up the tube will, after a 
lime, carry off with it the atmospheric air previously 
contained in the bulb and tube ; and at length the space 
below the mouth of tlie tube will be completely filled 
with pure vapour. Let the tube be now inverted, and 
itB open end plunged in a vessel of water or other hquid, 
the bulb being presented upwards. The space within 
iJie tube and bulb containing pure vapour will be thus 
cut off frocn aU communication with the air. The in- 
ferior temperature of the surrounding air, taking beat 
constantiy from the bulb and tube, will deprive the 
vapour contained in them of the quantity of heat 
necessary to sustain it in the elastic form, and it will 
be condensed. The great diminution of bulk which it 
will suffer will cause a partial vacuum to be produced 
in the bulb and tube, and the pressure of the atmosphere, 
acting on the surface of the water in the vessel in wliich 
the tube is immersed, will force the water up the tube, 
and it wiU completely fill the bulb. 
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That form of the Btcam-enpne called the lou-pftt- 
iiif, ilerivcG its principal mechatiical etStxj 
from this property, by which steam is instrumenlil in 
the fonnstion of a vacuum. The moving power in tfati 
machine is rendered operative by a piston placed hi t 
cylinder, in which it moves steam-tight. The atmospheric 
air and other gases are espelleii from the cylind^ and 
tubes which communicate between it and the boiler bj 
steam, in the same manner, exactly, as in the experiment 
just described. Steam is allowed to pasa freely fmn 
. the boiler through the tubes and cylinder, and inihi 
its escape finally through a valve or cock provided tat 
that purpose, until at length all the aimoepheric wr i> 
blown (rom the machine. The cock is then closed, and 
pure steam only fills every part of the engine. A 
chamber, called n coiiilemer, which is maintained Ua 
low temperature, by being immersed in cold water, ii 
made to communicate with both ends of the cylinder bj 
Tneans of proper tubes and valves. When the piiiConis 
required to descend, the communication between dA 
chamber and the bottom of the cylinder is opoitd, 
while a communication is at the same time opened 
between the bailer and the top of the cylinder. Hm 
Meam which fills the cylinder below the piston mdui 
towards the condenser by its elastic force, and is that 
immediately converted into water by the cold medtiin 
with which it is fiurrounded. The cylinder below the 
piston, therefore, remains a vacuum ; meanwhile ibe 
steam, rushing from the boiler above the jnston, forces it 
downwards, until it reaches the bottom of the cylinder. 
The communication between the boiler and thcftopOf 
the cylinder is now closed, anil a communication opened 
between the boiler and Ihe bottom of the cylinder, and 
at the same time the communication between the cod* 
denser find the Iwttom of the cylinder is closeil, and ( 
communication is opened between the condenser and 
the top of the cylinder. Under lliese circumstances, 
the steam which is above the piston rushes by its elastic 
force towards the condenser, where it is condensed, tnd 
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the cylinder above the piston reinsins a vacuum. Mean' 
vliile tiie steam fiom tlie boiler, rushing into the cylin- 
iler below the piston, forces it upwards, and the piston 
wcenda to the top of the cyhnder ; and in the game 
way the alternate motion of the piston upwards and 
downwards in the cyUnder is continued. 

The result* of experimental enquiry, as we have 
seen, justify us in assuming, as a univereal law, that hy 
the apphcation of a suflicienl quantity of heat all solids 
may be converted into liquids i and, by the abstraction 
ttf a corresponding quantity of heat, all Uqulds may be 
eonverted into solids. We have likewise, seen, that, by 
Ae supply of heat in sufBcient quantities, all liquidB 
may be converted into the vaporous or gaseous form ; 
and analogy would lead us to infer, that, by the due 
abstraction of heat, the bodies that exist in the gaseous 
ftirm might be reduced to hquida. The practical resolta 
brre, however, fall far short of the anticipatiMia to 
iriiicb analogy leads us. There is a numerous class of 
bodtet existing in the gaseous form, among which aU 
Bospberic air may be mentioned as the most obvious, 
which no means hitherto known have converted into 
Uquidf. Arguments, however, similar to those which 
led UB to infer that charcoal and alcohol are not real 
acepdons to the liquefaction of aoliiis, and the solidi- 
fication of liquids, but that they transcend the power 
flf ut, without falling beyond the limits of the general 
law, lead to similar conclusions respecting the t 
Biuserous class of bodies called permanent gates. 

Bodies existing in the aiariform state are divided into 
two classes, called vapoura and giues. Vapours are thoae 
aMforni substances which are known to hav 
taised from liquids by the application of heat, and 
wluch may always be reetored to die liquid form by 
the doe abstraction of beat. On tlie other hood, gases 
are those aeiiform bodies which have never been known 
(a exist in any other than the aeriform state, and which, 
under all ordinary d^^ees of cold, preserve their elastic 
This plp-^ s includes common air, an<' 



anmber of subBUnces known in chemistry under t 
Tariety of names, but all comprised under the genECil 
denominadoD of gtue*- The exact correspondt^nce of 
the mechanicst properties of these bodies with those of 
vapours raised from liquids by heat, naturally leads U 
the suspicion that they are, in fact, vapours of boiUa 
which vaporise at e^ttremely low temperatures, — it 
temperatures lower than any which we generally Bl>»iii 
even by the processes of art. Such a supposition i> 
perfectly consistent with all the effects which we A- 
serve; for such bodies would then maintain all ibc 
gaseous qualities which they are observed to possees ri 
present, though they should be true vapours capable o( 
being condensed, and even solidified, if we posseswd 
practical means of depriving them of a sufficient qnao- 
tity of the heat which they contain. 

These observations derive considerable probability and 
force from the results which the improved powers of 
science have more recently furnished. In proporCiM 
as more powerful means of extorting heat from giMi 
have been invented, a greater number of them have beai 
forced within the limits of the law of condensation. The 
fubstance called ammonia was known only as a gu 
until a temperature of — 46° was attained. Exposed lo 
that temperature, it became a liquid. Such a body, JB 
high northern latitudes, would, at difierent txajtau, 
exist in the different forms of liquid and gas ; in winter 
it would be hquid, and at other seasons gas. 

Since it is certain tliat gases may lose a considenble 
quantity of heat, without undergoing any degree of con- 
densation, we must look upon them as vapours; whieh, 
besides the sum of the latent and sensible heat necessary 
(o sustain them iti the elastic form, have, subsequently 
to attaining that fonn, received a large accession of belt; 
and yet, from their nature, with all this supply of heat, 
their temperature does not exceed the ordinary temper- 
ature of tile globe. It would be necessary to abatraot 
from tlieni all the heat which they have received sub- 
sequently to taking the faporous form before cou^bh- 
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■tion coald begin, Ab our power of producing artificial 
wild it, however, very limited, never having yet ex- 
oeeded~100° (if indeed, that limit has beon atlftined), 
it caDDot be surprising that all the redundant heat con. 
tuned by gases, over and above the sum of latent and 
aensible heat necessary to maintain them in the elastic 
form, should not have been extracted by this means. 

Some facility, in the attainment of this object, may 
be gained by a knowledge of the fact, that the mecha- 
nieal compression of a gas raises its temperature. If, 
therefore, a permanent gas be submitted to severe me- 
dumical compression, its temperature will be raised, 
•nd the beat which it contains may be more easily with- 
drawn from it, and imparted to freezing mixtures, or 
eitorted by any of the usual means of exposing it to 
witremely low temperatures. By continually carrying 
an,the process of compression, additional quantities of 
heat may be developed and withdrawn, ao that at 
Imglh we may succeed in reducing the quantity of heat 
contained in the gas to that sum of latent and sensible 
beat which seems the limit of the quantity necessary 
lo mainlain the elastic form. Any farther reduction 
wotdd be necessarily followed by condensation. 

Means similar to these have, accordingly, been ap- 
^jed, and succeeded, in the hands of Faraday. By 
■ubinitting gases in small quantities, inetrong glass tubes, 
to B Revere pressure, produced by their own elasticity, 
■nd the force with which they were generated by che- 
mical action, heat was extracted in considerable quan- 
tities, and was carried off by evaporation from the 
external surface of the glass. In ihia way, nine gases 
vere condensed into the Uqiiid form. 

Faraday attempted, without succuss, the condens- 
adtHi of various other gases by tlie same means. Oxygen, 
awte, and hydrogen, have, it is said, been submitted to 
t, pressure of SOO atmospheres without passing to the 
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It ippears, tfaarefoie, that, in proportiDD ai the powen 
of Ecienoe ue idiinced, &e eiceptioiiE to the genml 
law of eondenaslion becomr more and more circniD. 
Ecrit^iJ ; and it is not, periuqw, overctepping the liniili 
of JDsCifialile theory to assume, as a general law, that ill 
bodies whateTer, existing in the gaseous form, may, b; > 
auiGdait abetraccioD of heat from tbeni, be reduced to 
the Uqoid state. 

Theabsorptionof heat, in the process by whichliqnids 
«re converted into steam, will explain why a ressd 
containhi^ a Hquid, though constantly exposed to the 
action of fire, can never, while it coniains any liqiud, 
recdve such a degree cf heat as might destroy it, A tin 
kettle containing water may be exposed to the action of 
the most fierce furnace, and yet the tin, which is a very 
fiisible metal, will remain uninjured ; but if the kettle 
without containing water were placed on a fire, it would 
be immediately destroyed. The heat which the Sit 
imparts to the kettle is immediately absorbed by dw 
bubbles of water, which are converted into steam al tbe 
bottom, and rendered latent in them- These bnbldei 
ascend through the water, and escape at the sudsce, 
coDdnually carrying with them the heat conveyed Irmt 
the fire through the bottom of the kettle. So long u 
water is contained in the kettle, this absorption of hoi 
by the steam continues ; and it is impossible that die 
temperature of the kettle can exceed the teinpEratnre 
of boiling water. But if any part of the kettle not filled 
with water be exposed to the fire, there being then no 
means of dismisFing the beat which it receives from tlu 
fire, the metal will presently melt, and the vessel he 
destroyed. 

The latent heat of steam may be used with great 
e for many domcetic purpofea. In cookery, 
n raised from boiling water be alhiwed to paM 



througli meat or vejetsbles, it will be condensed upon 
iheir surfaceBj imparting to them the heat latent in it 
before its condensation, and they will thua be as ef- 
fectually boiled as if they were immersed .in boiUng 

In dwelling-houses where pipes convey cold water 
to difierent porta of the building, steam-pipes carried 
from the loirer part will enable hot water to he pro- 
cured in every part of the house with great speed and 
facility. The cock of a steam-pipe being immersed in 
■ vessel containing cold water, the Eteam which escapes 
from it will be condensed by the water, and will very 
^eedily, by imparting to it its latent heat, cause it to boil. 
Warm hatha may thus be prepared in a few minutes, 
tbe water of which would require a long period to bolL 

From all that baa been explained in the preaent 
diapter, it will be apparent that the sohd, liquid, and 
gtseous states are not neeeasarily connected with the 
enential properties of the bodies which assume these 
Hates respectively. ^Vater, whether it exist in the 
Btate of liquid, in the state of steam, or in the state of 
ice, is evidently the same substance, composed of die 
Mine elements, and possessing properties in all respects 
die some, except in those mechanical effects which are 
immediately connected with the three states just men^ 
tioned. In fact, the state in which water may be found 
i» a mere accident consequent on the surrounding tem- 
perature ; nor can one rather than another state with 
propriety be called the natural state of the body. 

If the expression natural stale have any meaiung, 
it must be, that state in which the substance is most 
i!Omnionly found ; and in that sense the natural state of 
water in different parts of the globe is diffbrent. 

The Tsriations of temperature incident to any part 
of our globe are included within no very extended 
limits ; and these limits d.itermiue the bodies which are 
found to exist most commonly in the several states of 
solid, liquid, and gas. A body whose hailing point is 
biiDw the lowest temperature of the climate must always 
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exist in the state of Tapour or gas, snd one wbxe 
melting point is above the highest temperature in- 
cident to the climate must always exist in the idiil 
form. Bodies whose melting point is below the loxett 
temperature of the climate, while their boiling point it 
above the highest temperature of the climate, will per- 
manently exist in the liquid form. The permaneal 
gases aSbrd examples of the first-mentiDned class. Mtit 
soUd bodies are examples of the second ; and sudi 
fluids as mercury are examples of the third. A liquid 
whose melting point is a little above the lowest limitaf 
temperature will generally exist in the liquid s 
but occasionally in the solid. Water is an example of 
this. A liquid, on the other hand, whose boiling point 
ia a little below the highest limit of tempei 
generally exist in the liquid form, but pccasionallj in 
the gaseous. Ether, in hor riiraatea; isan^example of 
this. Its boiling point is QS° ; anil it could not exist, U 
certain seasons of the year, in the liquid form, in Ipdia 
and other hot o 

Some bodies are at present retained in the liquid 
form only by the atmospheric pressure. Ether and 
rectified spirits of wine are examples of this. If these 
liquids be placed under a receiver of aii air-pump, afid 
the pressure of the air be partially removed, they will 
be observed to boil at the ordinary temperature of fte 
air ; from whence it appears, that, if the pressure oUbe 
atmospbere were considerably less than it is, these ffiA- 
stancca would have existed only as permanent gases. 

Great convulsions of nature, such as earthquakes, 
volcanic effects, and the lilie, by which extraonbnttj 
quantities of heat are evolTed, form exceptions to this 
uniform state ; and the effects of such excepliolH 
are discoverable upon and beneath the surface of the 
earth ; but, under ordinary circumstances, the states 
of gases or airs, of liquids, anil of solids, are determined 
by the conditions just mentioned ; namely, by the 
relation which their boiling and freeiilng points bear to 
the eztreme limits of the temperature of qui cI 
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These conaideTations nill lead us to perceive what 
would bo the effect, if the earth's distance from the «un 
were to undergo coitEiderable change, either by increase 
or diroinution, other circumstances being supposed lo 
remain the same. If its proximity to the sun were 
increased, the iocreased influence of solar heat would 
render it impoesible for many substances now com- 
moely liquid on the surface of the earth to exist in any 
other state than that of ait ; and, at the same time, many 
solid bodies would be incapable of maintaining the wlid 
ibrm, and would become pennaneutly liquid. It would 
be possible, under such circumstances, that the water 
which now constitutes the ocean would be changed into 
an atmosphere, and that many of the metals which now 
exist in the solid form, distributed through the earth, 
would become liquid, and fill the beds of the sea. If, on 
the other band, the distance from the sun were cOa- 
liderably increased, the solar heat would undergo a 
oorresponding diminulion, and many of the substance* 
which now assume the liquid form would then become 
Rolid. The sea which surroundE the globe would take 
the form of a mass of solid crystal. Substances now 
in the gaseous state might be reduced to the form of 
a hquid ; nay, that the atmosphere should be con- 
»erted into a sea by a sufficient diminution of temper- 
ature, is an effect not only within the bounds of pos- 
■ihility, hut probable upon the clearest and best founded 
■nalogy. 

In reviewing what has been stated in the present 
chapter, it will be perceived, that the following general 
facta hare been eslabhshed, which form the basis of 
■11 investigations concerning the phenomena of the con- 
Tersion of liquids into vapour by ebullilJon, 

I. A liquid, when raised to a certain temperature 
boik, and is converted into vapour. The boiling point 

. of a liquid varies with the pressure to which it is sub- 
nutted: the greater this pressure the greater will be 
ihe temperature at which the liquid boils. 

II. During the process of ebullition i 

.»* 
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lemperature lakes pjace, though a considerable portion 
of heat is imparted to the boiling liquid. 

in. Different liquids undergo the process of ehuU 
lition under tile ssme pressure at different tcrapeTatoiea; 
and the temperature at which a liquid boils under dr 
medium presEurc of the atmosphere, or 30 inches ot 
mercury, is called its boiling point. 

IV. Different liquids absorb different quantitia rf 
heat in the process of ebullitdon. 

V. The elastic force of the vapour into whif 
liquid is converted is equal to the pressure under whidi 
the liquid boils. 

VI. The states of liquid or vapour are not ewentuDr 
connected with the nature of bodies, but are merdj 

::iilenlal on the temperature to which bodies are a 




Havino explained, in the preceding chapters, some of 
the most obviouB and important effects of heat, it will 
heconvenient, at this stage of our progresa, to pauBCj and 
coDdder how such eHects roaj' be generalised ; to what 
QUnral forces they point, and how the operation of such 
foTcea is related to other forces whose existence have 
been proved, and whose laws have been made known in 
other branches of natural philosophy. 

All the phenomena of mechanical and chemical science 
lesd us to the conclusion that bodies are not composed 
of one uniConn and continued material, which &]1b all 
the space within their external limits or surfaces; hut, 
on the contrary, that they are af^egations of extremely 
minute particles, or molecules, which are held together 
by certwn natural forces or attractions. The circum- 
stuices which countenance such a supposition, and 
which, indeed, give to any other the utmost conceitahle 
degree of improbability, are so innumerable, that it 
wuuld be vain even to refer to them here. They form 
tke whole body of physical science, 

The apace included within the external surfaces, or 
limits, of a body, is called its volume or bulk. Withm 
that space tlie molecules, or particles, which form it« 
mass are contained, but they do not fill the Tolume. 
Between them are interatices composing a part of the 
•olume, thouph not occupied by these molecules ; and 
iheae interstitial spaces are called pores. Admitting 
tliat bodies are composed of distinct particles, it is de. 
e that these particles are not in contact, but 
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*re BeptTsted bj those Bpaces or pores just mendoied. 
Many solid boilieB permit liqui<iB or gases w peneltifc 
^dr dimensions, the particles of the latter pasaing inn 
&e pores or interatices of the former. 

Liquids, when mixed together, frequently occupy % 
less space than when existing separately. In thia cue, 
therefore, the particles of one liquid must penetrate [be 
pores of the other. The existence of such pores, i 
bodies in the vaporous or gaseous form, is still looi 
^parent, inasmuch as they admit of condensation ami 
expansion hy mechanical pressure; but (he most a 
equivocal proof of the existence of pores within the 
dimensions of all bodice whatever, is the fact that tbi^ 
all enlarge and contract their dimensions by change of 
temperature. 

But nature does not stop here in the indica 
afibrds us of the constilution of bo^iles. Not only do 
we find proofs that bodies consist of these infinitetj 
ininate molecules, but we also discover, in the eSecti 
of crystallisation, clear evidence that such molemlci 
in different bodies have different shapes, which s] 
are plainly indicated to us by the effects of cryatallitt- 
tioi), although the particles which aSect such fomu )b 
■0 infinitely minute as Co elude all means of direct ob. 
Krvation, even with the aid which the jiowers of t 
can afford to the senses. 

Bodies composed of such particles are found to exitf 
ID a great variety of states. In some the particles fon 
hard cohesive masses ; in others, they are soft and gjo- 
tinous ; in others, brittle and friable ,' in others, ^li 
as liquids, apparently liberated from all connectioD, u 
capable of being scattered and separated by the slighteA | 
external force ; while, in another form, the gaaeont, 
they seem endowed with a principle by which thej 
have a tendency to fly asunder with considetRbk 
force. To account for these effects, we must suppose a 
a of physical agents acting on the component mole- 
cules of bodies analogous to those agents with which 

tTODoiny and mechanici make us acqucunte^ ^i , 
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which act on larger masses. By the force of gravi- 
tation the masses of the planets and satellites have a 
tendency to approach each other with definite forces. 
Electricity and magnetism, in their effbcte, afibrd es, 
amples of forces both attractive and repulsive, exerted 
b; bodies of sensible magnitude one upon another. Ana- 
li^, therefore, leads us to expect agents of a Himila; 
nature to be exerted between the molecules of bodies, 
and thus discovers the harmony which reigns among 
the causes which maintain together the EyBtems of tlw 
universe, and those which give coherence and form to 
the smaller bodies of which those systems are com- 

The firm cohesion with which the constituent par- 
ticlea of BoUd bodies are held together, proves that 
between these particles a strong attractive force exists, 
which has been called the attraction of cohe»ion. In 
difibrent solids this force acts with different ilegreet 
rf enei^, and they oppose a corresponding difficulty to 
«ny attempt to separate or break thero. In hquida 
little cohesion is manifested. This is proved by the 
&dlity with which their parts are separated; hut yet 
diere are circumstances which indicate some degree of 
the cohesive principle : witness the formation of liquids 
into spherules, or drops, and the tendency whicli two 
■Qch drops show to coalesce. Different liquids, also, 
•how this tendency in diiFerent degrees. Its exiBtenoe 
i% evident in viscid and oily liquids ; and the tendency 
of water, mercury, and other liquids, to collect in drops, 
ii iljso a manifestation of (his force. If different liquids 
be dropped from the lip of a vessel containing them, 
ttley will fall in drops of different siiics, the more cohe- 
live liquid falling in the larger drops. In large masses 
of liquid, the e^cts of cohesion are overcome by the 
predominant power of their gravity. In bodies in the 
gaseous form, a force is manifested the opposite of co- 
hesion, viz., a repulsive force. The component par- 
ticles of bodies in this form, having a tendency to 
aiyante ^vm esch other and fly asunder, show thai 
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they are each endowed with a repulsive force acting in 
every direcdon round every particle. 

We have seen that, when heat is imparted Eo a body, 
its dtmensians are imnieiliatcly increased; and it il 
fomid that this increase takes place equally throt^ 
every part of the dimenEions, so that the figure oi shape 
of the hody is preserved, every part being enlarged in 
the game degree. Now, this eflect mnst be produixd 
fay the constituent particles of the body moving to l 
greater distance asunder ; and, since the increase of di- 
mension takes place equally through every part of the 
volume of the hody, the component particles mnst be 
every wliere separated equally. In fact, they hm 
driven each other to a greater distance asunder, and a 
repulsive force has consequently been called into acttoD. 
On the other hand, if heat he abstracted from a body, 
its dimensions uniformly contract, its figure being pie- 
served as before, and the diminution of size bdng 
equally produced throughout its whole volume. The 
component particles in this case, therefore, approach 
esch other equally throughout the whole volume of die 
body ; in other words, they are drawn together, and to 
attractive force is brought into action. But since, in 
the first case, the separation of the particles was not 
complete, and the hody was still held in the solid form 
by a sufficiently strong cohesive force, the effects pro- 
duced by the increase or diminution of temperature, in 
this case, was to diminish or increase the cohesive force, 
■o as, in the one case, to compel the particles to he dnwn 
tt^ether within a less space : and, in the other, to al- 
low them Co separate and fill a greater space. 

These phenomena indicate the presence of two anta- 
gonist forces, acting at the same time on the constituent 
particlea, and suspending them in equihbrium ; namely, 
the repulsive agent, determined by the presence of heU, 
and Increased in its energy by the increased applicttJOD 
of that physical principle ; and the attractive force, with 
which the particles are naturally condensed, and by 
which tbcy always have a tendency to cohere in laUd 
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mossea. So long as the energy of the cohedve prin. 
ciple eiceeds Ae power of the repulBive force produced 
by heatj the body will remain in s Bolid stale ; but by 
the cootiuued application of heat, the etiei^ of the 
K^ul^ve prindple being increased, and tile particles 
eontiniially sepamted, these two powers will at length 
be brought nearly to the state of equihbrium. The 
separate weight of the particles of the body will at 
lengtii overcome that portion of the cohesive force which 
Kroains unbalanced by the repulsive eflects produced by 
best, and the particles will fall asunder by their gravity, 
and die mass will pass into the state of a hquid. The 
CODtinued application of heat to a body in this form 
wiB still cause its particles to separate, and, therefore, 
enlarge its dimensions, until at length the repulsive 
principle, first becoming equal to the cohesive, then 
mrpBEses it, and actually causes the constituent particles, 
by repelling each other, to fly asunder: they thus pan 
hUo the state of vapour, and the body assumes the 
gaseous form. 

It is obvious that the continual abstraction of heat 
producing a constant diminution in tlie energy of the 
repulsive farce, and therefore giving efficacy to the co- 
hisive force, would be attended, with a series of e&ectt 
in exactly the opposite order. A body in the gaseom 
foTCD, first gradually losing its elasticity, would at length 
be brought to dfat state in which Ctie repulsion of ill 
particles exactly equalled their attraction, and ihe body 
would pass into tlie hquid form. A further diminution 
of the repulsive prindple would give the hquid a greater 
degree of cohesion, until at length the excess of the oo- 
herave principle over the repulsive would be more than 
n^cient to balance the separate gravity of the con- 
ilitaent particles, and the mass would cohere and exist 
in the HoUd state. The condensation of gases and of 
Vapours, and the soUdiiication of liquids, are effecb 
iihich confirm these views. 

The atmospheric pressure, or asy other mechanical 
^On& acting oa the suifacea of a body^ and tending to 
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ODiDpress iU mass, has an eSect npon its componeDt 
pkrticlea fiimilor to tlieir cohesion, diffei^g, howerer, 
in degree. Such a force has a lendency to munlun 
the particles of the mats together, and, in fact, eon- 
»pirea with cohesion in resisting the infiuence of the 
repulsive force awakened b^ the efiects of heat. We 
should hence expect that such a pressure exerted no 
ft body would retard its liquefaction if solid, and iti 
TBporieation if liquid. We find, however, that, in ot- 
diuary cases, the process of the Uquefaction of a solid 
by heat i& not affected either hy the atmospheric pm- 
sure, or by any other pressure, however high in df^re^ 
■itificially produced. In Bome cases, however, it would 
q)pesr that the process of toliiUfication u delermined 
by the introduction and pressure on the surface of > 
liquid. When certain liquids holding salts in Boltttton 
are cooled below their freezing point in a covered veeid, 
tbe solidification is immedjately determined by id- 
mitting the pressure of the atmosphere suddenly npw 
their surface. 

In the case, however, of the transition of a liquid tO 
vapour by the increase of heat, or the candentation of 
■ Tipour into a liquid by its diminution, atniospheris 
OF other similar pressure, arlijicially produced, is at* 
tended, as has been seen, with a very decided effbd. 
The cohesion, in this case, being completely balanced by 
the repulsive force, the latter has only to encotmtei 
the pressure which has a tendency to prevent the pat- 
tides of the liquid from flying from its surface. The 
repulsive force must, therefore, more than balanee.thf. 
natural cohesion of the particles of a body, and muti 
in addition, acquire an energy equal to the pressnie et- 
etted by the atmosphere on the surface of a liquid 
before the liquid can pass into vapour. We accord- 
ingly find, by experience, that, when a liquid boils, the 
tension, or elastic force, of its vapopr is exactly equal to 
the pressure of the atmosphere upon its surface; and 
we have seen that, by producing an increased pressnie 
. opoQ its surface, the vapour produced will acquire I 
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corresponding increase of elasticity ; while, on the other 
band, if the presaure be diminished, the water will re- 
quire less heat to put it in a stale of ehuUition, and 
the vapour produced will have a tension, or elastic force, 
equal only to the diminished pressure. 

Similar reasoning will also account for the extreme 
case in which a liquid is supposed to be confined in a 
dose vessel which it completely fills, and in which no 
qiace is left for the production of vapour. The hquid 
in this case may he heated to any temperature ; for, 
eren after the repulsive force produced by the heat 
tdiparted to it has balanced the cohesive force of the 
particles, it still has to encounter the strength of the 
Teasel in which the liquid is confined. This resistance 
win continually oppose the increased tendency of the 
Uqtiid to espand, by the increasing repulsive force 
introduced. 

In all the changes here noticed, produced by the in- 
creaae or diminution of the quantity of heat which a 
body contains, no change is produced in the nature or 
eoOHtitution of the body, as is evident from the fact, 
that, by the abstraction of heat, vapour may be con.. 
vCTted into the identical hquid from which it was pro- 
duced, and by the like abstraction of heat a liquid may 
be converted into the same solid from which it was 
obtained by the process of fusion. It would seem, 
therefore, that these effects have no other influence on 
the constituent particles of bodies, whether simple or 
EOoipound, than to change the relation of the attractive 
» repulsive forces by which these constituent particles 
aot upon each other. 

The researches of chemists make known to ub that 
lAen a body is formed by the combination of two or 
more other bodies, the particles or molecules combine 
together, so as to form compound particles or molecules 
proper to the mixture. If a body, therefore, be re- 
garded as a compound body, its molecules must be con- 
sidered as formed by the combination of the molecules 
~ t elements, and the constituent atoms 
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of these moleeulet muEt be considered aa held tagniba 
by aClracdve forces Bimilar to the other attractive tsi 
Tepulaive forces observable in nature, WTieo heat ■ 
applied to such a compound body, its first effect will \a 
the separation of the component molecules, ao aa lo pro- 
dnce the effects in succeaEion by the transition from tbe 
M>Ud to the liquid, and from the liquid to the vaponni 
form ; but in these effects the attiactiona of alfinitT 
which knit together the constituent aComa which f 
the molecules of the compound are not always disturbed. 
Analogy, however, leads us to expect that, aince 
continual application of heat may increase the enei^ 
of the repulsive principle to any required extent, it 
may be possible by this means to overcome the affinitj 
or attraction by which the constituent atoms of the 
molecules of the compound are held together, and tbui 
to disengage them from each other, and in fact to de- 
compose the body^ Experience verifies this conjectuie 
If heat be applied to liquid alcohol, we shall flM 
(Atserve the usual phenomena of the expansion or ilila- 
tation of a liquid, and next the process of ebuUitiDii, 
and the transition of the liquid into the vaporous stale 
Bdll the body under observation retains iia nature and 
its constitution unaltered, being still alcohol ; and it* 
molecules have sufiered no other change than a mutual 
increase of distance, by an increase of their repaid*! 
power. Let this vapour, honever, be passed ttmn^ 
a tabe of porcelain raised to a red heat : we shall find , 
that a quantity of carbon will be deposited in the soBd 
state in the tube, and that the remainder of the vapour 
will consist of permanent gases, which cannot be liqii»-. 
fied by any reduction of temperature which is pne- 
ticaily attainable. In this case, the repuluve powtr 
produced by the intense heat waa sufiicient to teir 
asander the constituent atoms of the molecules ot dl* 
alcohol. These molecules were therefore formed 1^ 
the combination of atoms of charcoal with atom; of 
the permanent gases, which were obtained by paasiog 
the alcohol through the tube. 
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Iq thia example the atoms which form the molecules 
af the body under consideratiouj were held together by 
■ force of great inteDsity, and accordingly required a 
high degree of the repulsive principle,' and therefore 
t fierce temperature, to tear them asunder. This, 
however, is not always the case. The constituent 
particles of compound bodies are frequently combined 
by comparatively weak affinities, and in such cases they 
may be separated by exposure to much lower tem- 
peratures. 

If salt be dissolved in water a chemical combination 
will be formed, and the molecules of the compound will 
be composed of atoms of salt combined with atoms of 
WSler, these being held together by the force of their 
■ffinity, and thus forming the molecules of the mixture. 
Let BDch a solution be placed in a glass vessel similar to 
B, represented in fig. 20., closed at the top, and termi- 
nating in a tube which is carried to another vessel D, 
immersed in cold water. If heat be applied to the 
vessel fi sufficient to boil the solution contained in it, 
it will be found that the vapour produced will pass 
tllnnigh the tube C, and will be condensed into a liquid 
in the vessel D. After this process has been continued 
lor a certain length of time, it will be found that nothing 
bnt solid cryst^B of salt wilt remain in the vessel B, 
■nd the liquid condensed in the vessel D will be pure 
water. If the masses of water and salt in the two ves- 
idi be weighed, their weights, taken together, will be 
precisely the weight of the solution first placed in the 
vessel B. 

In this case the repulsive force produced by the heat 
imparted to the solution caused the atoms of water to 
separate from the atoms of salt, and carried the former 
over in the form of vapour into the vessel D, where 
they were condensed. The same degree of repulsive 
force was unable to overcome the natural cohesion be- 
tween the particles of salt : the latter, therefore, formed 
into solid crystals, and remained in that form in the 
v«uelJB. 
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The process by which mercury is purified, preprntery 
to i(B use in the barometer or thermometer, dependi on 
■ simUar principle. Other Uquids combine with mer- 
cury and render it impure; but the temperature at which 
mercury boila is conaiderably higher than the boiling 
point of any kuown liquid. By boiling the mercury, 
therefore, such a temperature will be communicBted K 
it that all liiiuids intermixed with it must neceasiril; 
separate from it in the form of vapour, leaving be. 
'^"hind the pure mercury. 

Salt dissolved in water diminishes the cohesive fbict 
of the particles of that liquid, and, therefore, loweti 
its freezing point. In some cases it is found, that, 
in the process of congelation of such a solution, ibe 
water rejectE a portion of the salt in the process at 
solidifying ; so that if the Ice which is formed wert 
melted, it would be found to be a weaker solution tbu 
the original mass before congelation, and, therefor^ 
much weaker than that portion which remains uncon- 
gealed. In this case, the diminution of the repuliJTf 
fbrce, by the abstraction of heat, so far gives play to the 
natural cohesive force of the particles of water, that they 
reject a portion of the salt, and combine into a sohd. 

The process of smelting metals is one in which, bj 
the action of heat, heterogenous materials are separated. 
The metal, as it exists in ore, is combined with eartlv 
and other substances, many of which require, fw 
their fusion, a temperature very much above the faaof 
point of the metal. In this case, the ore being expoted 
to the action of fire, the metallic portion will be in- 
duced to the liquid ; while the superior cohesive sitr»e> 
tion of the other elemeuis causes them i 
the solid state, and the separation of the metal froa 
them is thus effected. 

When metals are reduced by heat to the liquid fom 

and are mixed together, chemical afhnities are broi 

into play in the same manner as happens with bo 

J which commonly exist in the liquid state. The at 

f the different metals, combining so as to forai a 




cules of the new compound, pOBscaa properlies diBdnct 
&om those of the constituent parts. The metals thua 
formed are calleil aihyt; and it is remarkabk, that, 
besideE diBTering in other propertieB, their points of 
fusion are totally different from, and apparently inde- 
pendent of, the points of fusion of their constituenl 
elements. It frequently happens that an allay of two 
or more metals thus formed fuses at a much lower tem- 
perature than any of the metals of which it is composed. 
An alloy of lead, tin, and bismuth, in the proportions, 
by weight, of two, three, and five, fuses at the tem- 
perature of ^la'', while the melting point of lead is 
594^, that of bismuth 476", and that of tin 4+2°, 
Another alloy of the same metals, in the proportion, by 
weight, of five.Jhree, and eight, fuses at 210°. 

An alloy already alluded to, called " Rose's fusible 
melsl," composed of bismuth, lead, and tin, in the pro- 
portion, by weight, of two parts of bismuth to one of 
lead atid one of tin, fuses at 1200^°, being nearly 12° 
fadow the temp<>rature of boiling water. 

When bodies which attract each other come into 
doH proximity, effects are produced, depending on the 
figure or shape of the attractive bodies, which are not 
Dbservable when their distances from each other is con- 
nderable, compared with their magnitude. The reason 
of this will be easily comprehended. Let us suppose a 
body formed, like the earth, in the shape of what ii 
called an oblate spheroid, having a redundancy of matter 
collected about its eijuatnr, and a deficiency or flatnesa 
•t its poles. If a bmly attracted by this be placed at 
; distance from it, compared with its own 
', all parts of the earth will be at nearly equal 
dhtancea from the body in question ; for although the 
;r of the earth maybe considerable, yet it becomes 
e point compared with the distance of the body 
The whole mass of the earth, therefore, will 
1 the body by its attraction, in the same manner 
it were concentrated into a single point. If the 
1 body appioacli nearer lo tlie earth, ttien the 






1 pMK ^ in MMB wSt begin to pradnce to; 
ftcK. Tk MdndMa HU0 coDecied round 
r aiD f ioJa w as Mmf tiea b> which ihar n 
~n«g cftct u be i<MDd U the poles. Tk 
r win, ihuiJin., ■iflcr a change in in 
ifinitf with BMii aMMBficd force ; ud if 
Ik sttncted bod* mdf have ibe aune shape as the 
I nnh, ii wiD cxot on dw cvth a umilar cHeci, and the 
' ' g each odio', will so a<^UB( 
: ID the force tlius peculiari} 
It to CMh other those siijes which 
d bjr the ctnogot attraction, and tber will 
dwajs meet and come into cuilact in one ]>ar[icnlii 
position. Boi if two sach bodies were perfectly regnlir 
■pberra, of uniform coDstitutioD throughout thrir £- 
meiwions, then all Mf$ woidd present equal ■ 

t would be a matter of indifierence in what positioa 
•ach bodies would come into conuct. 

Now, if, instead of supposing two bodies of a peculiiT 
■bape, so as to presf de difierent degrees of ai 
different points of their sorfaees, we eupp 
number of such hmlies, placed, in the first ii 
great liisunces asunder, exerting on each other muuul 
attracliDnB, these bodies will, at £ist, approach each 
other BO as to collect within a more limited space; bat, 
u yet, their mutual distances may be so great, thai the 
peculiar modifications of attraction depending on th^ 
figure will not be called into action. As ihey come into 
■ state of greater proximity, their magmCudes begin in 
bear a sensible proportion to their mutual distances, and 
the attractions depending on their peculiar Sgures be^n 
to produce their proper effects. The sides of the boiUet . 
at which their mutual attraction is strongest, be^ te 
turn towards each other, and at lei^^h, when tbef 
coalesce, they wiU all arrange ihemsehes regularly n ~ 
by side, in accordance with the principle by which their 
common figure regulates their common attractiooSi 
Under such circumstances, it will be easily ooD- 
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DUnner, iheir mass may fill a greater space than it 
would till if mixed together according to other arrange' 
ments. If a number of soUd bodies, all of the same 
shape, be built or arranged one beside and over another, 
BO that each shall !« placed in some determinate position, 
itiej may thus occupy a much larger space than if they 
were shaken together so as to compel ihcm to take that 
position in which they would fill the Bmallest [lossible 
tolume. 

What is true of bodies is also true of their component 
particles. If the molecnlea of a body, tlierelbre, be 
supposed to have peculiar forms, all the molecules of 
the same boiiy, however, having the satne form, it will 
follow, that their cohesive force, so long as (heir mutual 
(listanceG are considerable, compared with their mag- 
nituiles, will produce a different effect from that which 
will attend it when they come into closer proximity. 
These peculiar modifications of the cohesive force may 
then come into action on the principle which has been just 
explained; the sides of the molecules which have the 
greatest attraction will present themselves towards each 
cither, and the moleculeawill arrange themselves according 
bi a regular and fixed principle, depending upon their 
shape and mutual attractions. These effects will be na- 
turally looked for when tile body is passing from the state 
of liquid to the state of solid; and we accordingly find 
anomalous circumstances respecting their ddatation and 
contraction at these critical points. ^V''ater, as we have 
iea),bt^ins to expand at about 8° above the temperature 
M which it solidifies. It is consistent with the present 
Kaaouing to suppose, that, at this point, the molecules 
begin to be affected by the attraction depending upon 
their peculiar configuration, and that, in turning (owards 
the positions determined by this attraction, they are 
caused, by their figure, to occupy a larger space than 
before, an<l that, as the liqui<l approaches the freezing 
temperature, turning more and more into this position, 
they occupy a still increasing space. At the moment 
o£ wtlidification, a sudden and considerable increase of 
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ae takes (ilace ; for, at that moment, the putida 
all BiTBage themsetves perfectly side by Bide in die po- 
■idon determined by their mutual attractions. 

These views are further confirmed by the fact, that, 
when liquid bodiee arc cooled below the freezing point 
before they aoUdify, the dilatation which commenced' 
above the freezing point continues, the particles a^ 
tunung more and more towards the position in whidi 

I they finally adjust themselves ; but this dilatation whidi 
li produced below the Freezing point, while the body 
•till continues in the liquid state, is found to be a part of 
Aat dilatation which would take place if the body so- 
lidified at its freezing point. This argument appears to 
be conclusive in establishing the fact, that the dilatatjon, 
Hhile liqui4, is the same physical effect, and arises ftDm 
Ae same phydcal cause, as the dilatation- which ttktt 
|lace in the act of solidification. 
To say that there are some bodies which undergo no 
dilatation, either in soliilifying or previously, and that 
others actually contract in that process, is no objection 
to diis reasoning. We have shown that the molecnles, 
which attract each nther, may have such a figure, that, 
when they coalesce, neither expansion nor contraction 
can be expected. Such would happen, for example, 
I with spherical molecules. Again, it is possible that the 

arrangement produced by the presentation of their udes 
of greatest attraction to one another is that arrangement 
[ which would cause the particles to be collected in the 

^^^^ Binailest possible volume. In such a case, the etlectaof 
^^^1 loIidificBlion would be a sudden contraction, which wc 
^^H- find, in fact, to take place in mercury and most other 
^^K Rietabi. 

I>r. Thomson considers that the force of this reason- 
ing is somewhat weakened by circumstances attending 
the cooling of water containing salt in solution. If 
small quantities of salt be dissolved in water, its freezing 
point, as well as its point of greatest density, is lowered; 
but the point of greatest density appears to be more Ion. 
^^ ered than the iieezing point. When one part, by wd^i^ 
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of salt is dissolved in 36 parts of water^ the point of 
greatest density is said to be below the freezing point ; 
and it would^ therefore, be necessary to suppose the 
change of position in the constituent particles, which 
has been assumed in the above reasoning, to continue 
after solidification has commenced. This, however, 
does not seem to me to be at all difficult. It seems as 
easy to imagine a change in the position of the compo- 
nent particles of a solid, as a change in their mutual 
distances ; the latter of which, undoubtedly, takes place 
by change of temperature. The case of Rosens fusible 
metal, which has its extreme density considerably below 
Its point of fusion, is likewise adduced by Dr. Thomson, 
as throwing a doubt upon the same reasoning. 
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When a liquid is in a Giate of ebullition, every put of i 
brought to that tetnj>erature at which it ia di- ' 
pable of jwssing into vapour; and steam being produced 
throughout all its dimensions, but especially at those 
points to which heat is more immediately applied, riia 
through it like bubbles of air, and escapes at its surface. 
" however, is not the only state in which tiquidi 
pass into vapour. At all temperatures whatever, a liquid 
placed in an open vessel will produce vapour from itt 
surface ; and this vapour will be produced tlie more ra- 
Ipidly the higher the temperature of the liquid, and the 
"Seas exposed its surface is to external pressure. This 
Muse, however, of the production of vapour di&n 
from ebullition, inasmuch as the vapour is here pnt. 
duced at the surface only, whereas in the proceas of 
ebullition, it was produced throughout every part of the 
of the liquid. The production of vapour ia 
r, at the surface of a liquid, we shall call by 
the name vaporinalion. 

When a liquid is exposed to a free atmosphere, va- 
pour rises continually in this manner into the air, and , 
is dissipated by currents of wind ; the liquid is thus gn> 
dually wasted, and, if not replenished, it will at lengdi 
disappear. This process is called evaporation. We 
Aail consider these two important processes in the pre- 
and succeeding chapters. 
Mlien the vapour rises from the surface of a liquid, 
if the space which it enters be previously filled with 
the tension of the vapour becomes confounded with 
of the air with which it is mixed. It would be ■ 
diificulCy to examine the properties of 
vapour when thus combined with another fluid <tf ki 
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ilitterent nature. But another sourcfof difficulty which 
would thus present itself, arises from the fact that the 
sir Eometimes contains suspended in it other vapours, 
the effecla of which would be likewise blended with the 
phenomena. In order, therefore, to examine wifli ex- 
actness theee several effecla, it is necessary, first, to 
ilelermine tbe properties of vapour raised from liquids, 
separated altogether from air or other gases, as well as 
from all other vapours. Having already determined the 
effect produced by heat, upon air or pure gases, it will 
be easy, when the properties of pure vapour are deter- 
mined, lo examine the effects produced by the mixture 
of these with gases. 



VujMrisalioit of Jjiquids in a Vacuum. 

The discovery and analysis of the properties of vapour 
raiseil from liquids, at all temperatures, are due to the 
labours of our illustrious countryman Dalton, to whom 
[diyaical science, in other respects, stands so deeply 
indebted. 

The manner in which this eminent person investi- 
gated this subject was equally remarkable for its sim- 
plicity and precision. Let a glass tube, like those used 
for barometers, about 30 inches in length, be filled with 
pure mercury, well purged of air, and prepared in all 
nspects as it would be for a barometer. This being 
h^ with its open end upwards, and nearly filled with 
mercury, let the remainder be filled with a small film 
of tbe liquid whose vapour is to be examined. This 
done, let the tinger be applied so as to confine the liquid 
in the tube above the mercury, and let the tube be ^ub 
inverted, and its open end plunged in a cistern of mer- 
cury: let the finger be now removed ; the small film of 
liquid, by its comparative lightness, will ascend in the 
glass tube, and will settle at the top of ihe mercury. It 
win thus be separated altogether from the influence of 
■V, and will have, in space above it, no other fluid except 
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id own vapour. Thai sach vapour does exist in the labe 
above llie nuface of the liquid, will be easily perceived 
bjr comparing the height of the mercury in thia tube 
with its height in » good barometer. It will be found 
that the column in this tube elands lower than in the 
barometf I. This efl^t is produced by the vapour of die 
liquid aboTe the mercury occupying the upper pait of 
the tube. Tile elastic force of this vapour depresses the 
mercury in the tube below the height nt which tla 
atmospheric pressure suEtunt it in the barometer. If it 
fall one inch below that height, then the tension of ihe 
vapour abore will be expre^ed by I inch of mercury; 
and if the pressure of the atmosphere sustain a colnmi) 
cf SO inches, it will follow that the tension of this n. 
pour is equal to the 30th part of the tension of atmo. 
^heric air. 

Above the mercury the tube may he surrounded lij 
m vessel containing water at any proposed temparatOR, 
and by this means the liquid may be heated succesaivelj 
to all required temperatures, and the depression of lit 
mercury produced by its vapour at each temperature 
being observed, the exact tension of the vapour will be 
obtained. A thermometer immersed in the surrounding 
Teasel of water will give the temperature of the vapour. 

It will be evident that when the tension of the vapmu 
in the tube, in the above experiment, becomes eqiul n 
the atmospheric pressure, the column of mercury in lb 
tube will be depressed to the level of the mercury in the 
cistern : and if the vapour acquired any higher tenuon, 
it would be depressed below that level, and the degree 
of depression could not be observed. Such an apparaln 
was therefore necessarily limited to the determinaticKi 
of the tension of vapour not exceeding the atmosphent 
pressure. 

To measure the tension of vapour, whose elaatidt]' 

CKceeds the atmospheric pressure, Dalton used dw 

owing apparatus : — A B D {fig. 24.) la a tube & 

form of a syphon, the extremity D of the ahixtlt 

being dosed, and the extremity A of d>e ha^ 




open. The curved part of the tube ia filled 
mercury having above it, at the top U of the 
ftf. 24. shorter leg, a aniall quantity of the 

liquid whose vapour is under exam- 
ination. Let F be the surface of the 
^B mercury in the shorter leg, and G its 

^K surface in the longer. The surface F 

^H is pressed upwards by the weight of 

^H the column G E of mercury, which ia 

^B above the level of F in the longer 

^H leg, in addition to the atmospheric 

^^ft . pressure acting on the surface G. If 

^L- ^ ^ ^> 'h^"] ^ ^1^^ ^ ^^^ height of 
^^^^ |K) the mercury in the barometer,, F will 
^^^H B be pressed upwards by a force equal 
^^^P'W' to twice the atmospheric pressure. 
^^F I -Again, if G B be equal to twice the 
^HL B, height of the barometer, F will be 
^^■^ fl^ pressed upwards with tlie force of 
^^P^^V three atmospheres, and so on. There- 
^Bi^^'' fore, by increasing the column of 
nay in the longer leg of the tube, we can increase the 
rurebywhich the liquid IB confined at D without limit, 
18 now suppose that the leg C D is surrounded by a 
d containing a liquid, such as mercury, which is ca- 
•of being heated to any required tempetature. This 
d will impart its heat to the liquid included in D, 
will cause it to produce vapour, the tension of which 
correspond to the temperature of the Eurroimding 
d. This tension will cause the mercury to rise in 
tube B A, until a column is suGtained above the 
E, which, added to the atmospheric pressure, 
balance the tension of the vapour. By measuring 
mtely the difference of the levels G and E for dif- 
Lt temperatures, the pressure corresponding to each 
lerature may be accurately obtained, 
y these means Daltoo determined with accuracy, 
tabulated the tension of the vapour of water for all 
' to 320°. Below 32°, he com- 
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putcd the tension, by analogy, from the variationE aboK 
that point. 

A table will be found at the end of this volume, a* 
hibiting the tension of the vapour of wat«r correspondiii 
to various teniperatures, so far as these tensionB hav 
been detennined by accurate experiment.* 

The elasticity of the vapour of water being thus k 
curately (leEermined, through an extensive range of 
thermometric temperatures, Daltoti next directed b 
attention to the vapours of other liquids. Sulphuiit 
elher, alcohol, hquid ammonia, a aolutioa of the a 
riale of lime, sulphuric acid, and mercury, were such*. 
aively brouj^ht under examinadan. From the result sf 
his experiments he inferred, that the temperatures and 
convBponding pressures of the vapours of diff 
liquids had a relation which roay be expressed m 
follows : — 

The tame increase of the lemperatare of a liguid b 
aluraj/t increate the elastic farce of iU vapour in I 
tame proportion ; and this it true of different liqtiiil, 
IU well as of the same liquid. 

Thus, for example, the tension of the va])onr of 
vater at 312'', and that of pure alcohol at 173° 
equal, — being both expressed by a column of thirty 
inches of mercury ; the 'lilference of these temperatnm 
is, therefore, 39°. The vapour of water at 180° bi 
tension expressed by a column of fifteen inches of m 
CUry. If 39° be subtracted from 180°, we shall hav« 
a remainder of 141°, at which temperature, therefore, 
alcohol woidd produce vapour also having a presauH 
equal to flfteen inches of mercury ; and, in general, if 
the pressure of the vapour of water at any given ten- 
perature be known, the pressure of the vapour of al- 
cohol, at the temperature of 39° less, will be equal K 
it. In like manner, if the pressure of the vapour vf 
tlcohol at any given temperature be known, the pre*. 
fure of the vapour of water, at a temperature of 39° 
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higher, will be equal (o it. In fact, the difference be- 
i Iween the temperatures of vapours whose tension is 
I equal, will always be equal to the difference between 
fte boiling points. 

If this generalisation were admitted, it would appear 
dist when the variation of the tension of the vapour of 
water throu((li any range of temperature is known, the 
Viriation of the tension of all other liquids, whose boiling 
,|i^nts are determined through an equal range of tem- 
perature on either side of their boiling points respect- 
irely, will be liltewise known. 

It likewise furnishes an easy means of determining 
die tension of the vapours of Uquids which boil at very 
'4iigh temperatures by those which boil at low temper- 
I htnres, provided the boiling points of each he accurately 
iSelerniined. Thus, for example, if ether boil at 100°, 
the difference between its boiling temperature and that 
«f water wdl be 112". Now, if the tension of the 
vapour of ether, at 200°, be observed, we shall have the 
tenuon of the vapour of wafer at 312"; and if the 
tension of the vapour of ether be observed at 250°, we 
lAaa know the tension of the vapour of water at 362°. 
Thus the elasticity of steam, of very high, and aome- 
tlmea unattainable, temperatures, may be determined by 
^periment on another liquid, at temperatures conaider- 
tiAj lower. 

From this law it also follows, that liquids whicb boil 
at very high temperatures produce, at ordinary teraper- 
■tures, no vapour of any sensible pressure. Sulphuric 
1^ boils at the temperature of 6S0°, which exceeds 
■Bie tempemtuie of boiling water by 408''. Sulphuric 
loid, therefore, at 440°, will have a va])our of the 
tame tension as water at 32°. Now the tension of the 
'nponr of water at 32° is equivalent to two tenths of an 
mCh of mercury ; it follows, therefore, that sulphuric 
add, at ordinary temperatures, emits no appreciable va- 

This liquid, as well as some oils, was examined by 
MM. BerthoUet and Jjiotj with the view to teal the law 
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diseoreted hj Dalton; aod it was found that, axep 
at Tery high temperatures, the tension of their Tapon 
vne perfectly inappreciable. 

Since mercury bolls at a temperature of about 450° 
•bore tile boiling point of wBierj it follows, for the 
sune reason, that the tension of its vnpuur at all ordioir; 
temperatures must be insensible. This is a fact it 
great importance as affecting the result of barometric 
observation, since there are unequivocal indicationB dT 
the presence of a vapour from mercury above the Uquid 
in the barometric tube. If the tension of tliia vapour 
were appreciable, the barometric column would not be 
■ true measure of Che atmospheric pressure. 

Solid bodies, which fuse and boil only at very hi^ 
temperatures, for the same reason produce no vapoor ef 
■endble pressure ; nevertheless the odours which eshale 
from many of them afford convincing evidence tbil 
die; do emit vapours. Many metals have a distincl 
odour, as tin, lead, and brass ; also other soUds, as cmn- 
phor, Ike. ; nevertheless, the vapours which these soUdt 
emit have no appreciable d^ree of elasticity. 

Notwithstanding the corroboration derived from dw 
rcEearches juEt mentioned, the kw of Dallon has been 
called in question by other philosophers ; and subsequent 
experiments made by Dalton himself have induced hint 
to think that the law should be somewhat modified. 
From the law, as originally announced, it would follow, 
that the same increase of temperature would, in rH 
cases, be necessary to double the force of the vapour 
produced, whatever might he the Uquid under observ- 
ation. Dalton is now of opinion, that, to double the 
force of the vapour of different liquids, different in- 
crements of temperature will be necessary, althon^, in 
the same liquid, the same change of temperature will 
be necessary to double the force of the vapour. The 
BUbject is one, however, on which we do not yet 
sufficient grounda to form any certain con- 



!w BtMob or ChemMtj nilU.pBti. p.aB. 






207 



A btobII quantity of salt of anj kind dissolved in 
irater, cauEes the boiling point to rise higher than that 
ji pure water. The steani, therefore, of such a ao- 
lulion, at the name temperature, would have a leas de- 
gree of elasticity than the sleam of pure water; and this 
is found to be the case. Now, it is a curiouB circum- 
atance that this Bleam does not contain a single particle 
of the salt dissolved in the water, nor any sul^tance but 
pure water itself, which may be made manifest by car- 
rying it off, and condensing it in a separate vessel. 

£ven when the vapour of water is already formed, 
its tension will be affected by the presence of salt, 
though not combined with it. Let the vapour of water 
be formed at the top of a barometric tube, as in Daltan'a 
experiments, and let a small particle of soda be intro-. 
duced at the mouth of the tube, and allowed to ascend, 
by its comparative levity, to the top. This sods, though 
it remains enveloped in the liquid, and not a particle of 
it passes into the vapour above, will, nevertheless, in- 
atMitly cause the tension of that vapour lo decrease; 
which will be manifested by the ascent of the mercury 
in the tube ; and this diminution of tension will con- 
tinae, until the tension arrives at that point which cor- 
responds to the vapour of water combined with soda. 
Not only Is there in this case not an atom of soda con- 
tuned in the vapour in the tube, but the vapour itself is 
even removed from direct contact with the soda im- 
mersed in die liquid. 

This singular effect may be easily accounted for, on 
the principle that pure water and water charged with 
soda have different affinities for aqueous vapour. 
When the water under the vapour becomes charged 
with soda, its affinity for aqueous vapour is increased, 
and the force with which it dismisses that vapour from 
its surface is therefore diminished. The aqueous 
vapour immediately in contact with the surface will 
then press on the solution with more force than the 
solution itself emits vajiour, and consequcnlVj 3. '^ot^v:t& i 
of ihst vapour will be immediately condenKii. "^^ 
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condeneation will continue until the vapour above the 
solution in the tube is rarefied bo that iu pressure lut 
become e<jual (o the force with which the «olntiaii 
emits the aqueous vapour. Then nil further condeni- 
Btion will cease. It appears, therefore, that the aqtiMiu 
Tapour emitted from the solution of salt difl^ fron 
the aqueous vapour emitted from pure water at the 
Bame temperature in pressure and in density : it k 
less dense, and has in the same proportion a lea 
tension. 

It might naturally be supposed that a body would 
be capable of vaporising only when in the liquid iUW, 
and that all transition into the state of vapour wtmM 
cease when a liquid is congealed or solitlified. Thit, 
however, is not consistent with experience; and we , 
find, on the contrary, that certain substances, among . 
which water is one, continue to produce vapour even at \ 
temperatures below their freezing point. In fact, tatii . 
themselves vaporise ; and not only do so, but it hu I 
been ascertained that the same relation subsists be- 
tween the tension of the vapours and the temperalme 
of the solid producing it, as was determined by DaltOD 
to EubsiBt between these physical effects at temperatmci 
above the freezing point. This curious fact tuts ben 
determined by experiments instituted by M. Gty- 
Lusaac in the following manner: — 

Let AB {fy. 25.) be a barometer tube filled in tbe 
usual way with mercury, so as to give exact indica- 
tions of the atmospheric pressure. In the same ma- 
curial cistern. A, let another barometric tube, DH, be 
inserted, curved at the top, and having a branch bend- 
ing slightly <lownwards to C, where the tube is closed. 
Let a small quantity of water, at whatever other 
liquid may be under examination, be introduced above 
the mercury at II, in the same manner as in Dalten't 
experiment, so that air and every other gas or vapoiu, 
except that of the liquid under consideration, shall be 
excluded from the space H G C. The vapour produced 
^y the liquid above H will by i 
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mercury below the level of the mercury in the bato- 
I'l^. 25. meter B A. An accurately divided 

scale, F E, ie placed in &ont of the 
two tubes, provided with a micro- 
scope, E which may be moved up 
wards and downwards on the scale 
— ^ - SE and screwed at any position. This 
microscope la furnished vcith a fine 
wire which crosaee ihe field of view 
horizontally, and which may be 
brought to conciile exactly with the 
surface of the mercury in either 
tube when see through the micro- 
scope. The position of this wire 
is shown by a corresponding index 
which moves on a graduated scale 
In this manner the position of the 
surface of mercury in either tube 
. may be observed with che utmost degree of precision, 
.ud ^ diHerence between the elevations of the two 
mr&ces of mercury will always give the column of 
mercury the pressnre of which corresponds to the 
tendon of the vapour in II GC. Let the beat arm 
GC be now immersed in the vessel m, containing a 
heexing mixture, and containing also a thermometer, (. 
The temperature of this mixture will be indicated by 
the diermometer, t, and the same temperature will be 
communicated to the vapour condensed in C. At lirst 
fliia vapour will be condensed into a liquid, and the 
rapoui in H, by its elastic force, will impel a Ireah 
portion into C, which will likewise be condensed. If 
&ii be the vapour of pure water, and the freezing mix- 
laie in m have a temperature below 3^*, the vapour 
thus condensed in C will he frozen, and will collect in 
flie solid form in the tube. This process of congelation 
wtU continue until the tension of the vapour emitted 
by the ice in C will balance the tension of the rarefied 
vapour in M. Thus the tube H G C will t 

.t parts vapour of different temperatures j butji 







balance muBt necessarilf be niaintained between diem, 
Iheir wnsioag must be vqual. The tension, therefore, J 
the vapour in H G, whatever be its temperature, mmt 
he equal to tiie tension of the vapour emitted by the i« 
la C ; conseqnendf, it is apparent that tbe differetm of 
the columns of mercury in the two tubes will exhibit 
the teusion of the vapour emitted b; the ice in C, at 
the temperature indicated bj tile thermomeler, t. 

In this viay the tension of vapour proceeding from 
ice or any other concealed liquid, at all temperatur«> 
which can be obtained by freezing mixtures or other 
ineanSj may be easily measured. 

By such experiments M. Gay-Lussac determined the 
tension of the vapour of ice at various teraperalurts 
below the freezing point. The result of his obaerv. 
ations coincide with wonderM precision with tbe leo- 
aions computed according to the laws deduced from 
Dalton'B table, and expressed by the formula of Biol. 
For example, it was found by M. Gay-Lussac that, at • 
temperature of 35^" below the freezing point, the teiuiair 
ipoar proceeding from ice was expressed by * 
^column of mercury the height of which was 0'093! 
icheB. Now, the tension of vapour at this temperalme, 
computed by Blot's formula, should be equivalent la 1 
of mercury whose lieight is 0-0529. The 
difference between these numbers may fairly be con- 
sidered within the hmit of the errors of observation. 

In all these investigations respecting the tension wd 
tempurature of vapour, it is of the utmost importanv 
to bear in mind that it is understood that no heat it 
communicated to the vapour after vaporisation ; and, 
coneequently, that the vapour contains no heat except 
that which it carries with it from the liquid. If any 
heat were communicated to it after the form of vapom 
had been assumed, this heat would afTect its tension, « 
produce its dilatation in a manner alt^^ether diSeMnt 
what has been here explained. In fact, afltf 
assumed the form of vapoui, the body would 
iport itself in the same manner as a permanent g^ 
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ecu are, however, in the present case 
out of view, and the vapour is suppoi 

1 heat except that which it received from the 
HquiiL It is also important to observe that the Uquid 
h supposed to be aliened lo produce u louch vapour as 
Hie space which includes the vapour is capable of con- 
taining at the proposed temperature. Thus, the liquid 
placed above the iQercury in the tube, in Dallon's ex- 
periments, when raised to a given temperature, emila 
vapour for a certain time ; the vapour coUects in the 
tube above the liquid, and as it collects its tension in- 
creases, until at length the pressure which it exerti 
on the surface of the liquid stops the farther pro- 
duction of vapour, unless ihe temperature of the liquid 
be increased. It is in this Elate the vapour is under- 
stood to be placed when its tension and temperature arc 
examined and tabulated. 

A given space is said to be saturated with the vapour 
of liquid at a given temperature, when it contains such 
a quantity of that vapour that its tension will stop the 
further vaporisation of the Uquid. Thus, suppose a 
■pace to exist in a close vessel above the surface of the 
liquid contained in it, and that this space is a perfect 
Tscuum. If the liquid be raised to a given temper- 
•tare, as'I0O°, it will pii>duce vapour, which wiil col- 
lect in the space above the surface of the liquid, and 
the production of tliis vapour will continue until iti 
tension is so increased hy its compression in the con- 
fined space, thai it will exert on the liquid such a pres- 
sure ai will resist the tendency to vaporise further. 
This tension is that which is said to correspond to the 
temperature of the liquid ; and in all the experiments 
instituted with a view to determine the relation between 
the tension and temperature of vapour, it is supposed 
that the space including the vapour of a given tension 
sh^ always be tilled with as much vapour as the liquid 
St the given tension is capable of giving to it. 

It is l>eld by all who have hitherto directed their 
*[enDon to this subject, that where a space is saturated 
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' by vapour at a given temperature, any attempt at me- 
chanical compreBsion of the vapour, by pressing il icls 
a dimitiished space, waulil be immediately atteniled wilb 
the conversion of a portion of the vapour into the liquid 
form, the reiuaindei of the vapour retaining its formei 
I jj^ ^g temperature and pressure. For example, let it 
I ' be supposed that a filase tube, fig. 26., C A, Budi 

a» that used in Ualton's experiment, contunsi 
quantity of vapour above the mercury in die 
space HC, having a given temperature and 
tension. If the tube be sunk to a greater deplh 
istem of mercury, it is said that tk 
I column of mercury, A H, above the level of the 
mercury in the cistern, will remain the same, 
and the eScct will be, that a portion of vapour 
contained in H C will return to the liquid fonn, 
and collect on the surface of the mercury at H, 
while the remainder will contiime in the vaporous form, 
having the same temperature and presaure as betcw< 
Thua. if the tube be plunged to a depth in the vesad 
greater than its present depth by half the length of 
lit', then half the vapour in HC will be convertal 
into liquid, the level H will remain exactly where it 
was, and the remaining vapour will occupy a portion 
of the tube above H equal to half the length H C. b 
fact, the lop of the tube C will approach the mrfttt 
H of the mercury, through a space equal to half rf 
HC. , 

From this concludon I cannot refrain from expreai- 
ing my dissent. I conceive that, under the circnm- 
stances here described, the firat effect of the increaaoi 
depth of the tube TOuld be to produce a momentuy 
compression of the vapour contained in HC; the coD' 
sequence of which would Ite, that its temperature would 
rise to that which corresponds to its increased leniioa; 
but immediately the surface of the tube surrounding it 00 
every side, having a lower temperature than the vapour 
(ould subtract heat from the vapour so as to 
cause it to be coodeused into a liquid. The temperature 




of both the remaining vapour anil the liquid produced by 
the condensation would immediately fall to the temper- 
ature of the tube anii of the external air, and conse- 
qaently the liquid would be dijposited above the mercury 
at H, and the remaining vapour would have the same 
tension as before. But here the circumstances are very 
diferent from those supposed ; for an actual loss of heat 
has been sustained. Indeed, without this, it would be 
impossible to imagine the condensation of any portion 
of the vapour into a Uquid ; for such condensation must 
needs be followed by the subtraction of all the ^test 
heat, which maintained so much of the liquid in the 
vaporous form. The heat thus abstracted must then 
be withdrawn by the surface of the tube, or otherwise 
it would be impossible for the vapour to return to the 
liquitj form. If, therefore, means were contrived by 
which the escape of the heat contained by ttie vapour 
■bove in the ipace H C were rendered impossible, I 
bold it to be evident that, in that case, the compression 
of the vapour, by the tube being immersed more deeply 
in the mercury, would not cause any portion of it lo be 
condensed into a liquid, but that such compression 
would develop heat, which would raise the temperature 
of the vapour to that which corresponds to the increased 
preBEure produced by its increased density. 

It is admitted, on all hands, that the analogous case 
of the rarefaction of vapour would be attended by 
efiects corresponding to these. If the tube AC, in- 
stead of being more deeply immersed in the mercury, 
were raised, the space H C being supposed to be com- 
pletely filled with vapour, then the vapour in HC 
would expand into an enlarged space, and it would 
obey exactly the same laws as those which regulate the 
espansion of air under the same circumstances. In 
expanding, however, its temperature would fall, heat 
bang absorbed by its rarefaction ; and with each di- 
minished tension produced by this rarefaction, it would 
acquire the same temperature as vapour immediately 
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niiied from the liquid, under the same pressure, wouU 

1 am not aware that experiments have ever bees 
made to decide thete paintE; but it must l« apparent 
that the condensation into a liquid, which is commonlj 
■aid to take place by the mere cmiipresfioii of vapour in 
a saturated space, does not and cannot take place owing 
to THere conipreKnion, bat that it happens in consequence 
of [he escape of the heat developed b; that compressioD. 

Having explained the methods by which the tendou 
of vapours at different temperatures may be determinwl, 
it now remains to complete the development of the 
physical character of vapours, by aliowinp how the volume 
■nd actual weight of vapour included in it vary ; is 
other words, toexhibit the specific gravity of the vapoiu* 
whose tension and temperamre have been already de- 
termined. The solution of this problem is due to the 
labours of M. Gay-Lossac. 

The great exjiansion which all liijuids undergo wbn 
converted into vapour, at ordinary presBureB, renders tiie 
exact determination of the specific gravity of vapour 1 
matteT of considerable difficulty. If a vapour could 
be completely reconverteil into a lltjuid, and that liquid 
accurately weighed, the specific gravity of the vapour 
would be known by the previous iletenuination of jti 
volume, which might be accurately measured ; bat it ia 
not possible to accomplish this perfect condensation ; 
and, therefore, in order lo elude this obstacle, M, Gi^- 
Lussac attacked the problem in the other direction, and 
weighed the liquid before converting it into vapour. 

He formed, by means of a lamp and blowpipe, small 
Fif- -7- thin glass bubbles.represenled atB.^y.S7.| 

C^ ^ nearlyapherical,butfumished withasmall 
^ J beak, having a minute tubular aperture. 
One of these bubbles was first very iceo- 
rately weighed, when filleil with air. It was then R- 
the flame of a lamp, so as to produce'a high 
degree of ratefactioa in the air which it contained, and 
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was plunged in a vessel of ihe Uquid to be examined. 
The cold now coiidenBing the rarefied air in the buhble, 
tlie Uquid rushed in through the \>ta,k, on the same 
principle as that which we have already mentioned in 
the method for Slling the hulbs of thermometers.* 
When the bubble was completely filled with liquid in 
Ihia manner, llie extremity of the beak was exposed to 
the fjame of the blowpipe, and, being sUghtly melted, 
the liquid became hermetically sealed in the bulb. The 
bulb was again weighed, and its former weight being 
mbtracted from that now obtained, the wi;ight of the 
included liquid became accurately known. A glasa 
Gjlinder, of greater diameter than the bulb B, closed at 
one end, and open at the other, was then filled with 
pure mercury, and, being inverted, its open end wai 
plunged in a cistern of that liquid. The pressure of 
the sttnosphere suslained the mercury in the glass cy- 
linder in the same manner exactly as it does in the re- 
ceiver in a pneumatic trough■'^ The bulb containing 
the liquid to be examined was now introduced below 
the mouth of the cylinder in the mercury, and beii^ 
disengaged, it ascended to the top of the cylinder by 
KHson of its comparative lightness. The cylinder waa 
^n surrounded by another, containing water of the 
temperature to which it was proposed to raise the hquid 
in the bnib ; and the expansion of this liquid, produced 
by the increased temperature to which it was tbue ex- 
posed, caused the bulb lo burst, and set the liquid iree 
in the top of the cylinder. Vapour was next produced 
from the Uquid, and the evaporation continued until 
the whole of the hquid was converted into vapour. 
The size of the bulb was so adjusted, that the heat 
■pplied lo the cylinder was always more than sufficient 
to vaporise the whole of the liquid contained in the 
bulb, to that the space above the mercury in the cyhn- 
der, occupied by the vapour of the liquid, first became 
ttturated, and continued to be so until the whole of the 
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Sqnid WH T^Kirited- The addidonal heat itnpuUd 
after this Taporisilign was completed acted on the 
Tapoor according to the laws by which the permanent 
ffoea expand by heal, enpUineil in Chapter lil. When 
die lempeialuie of the vapour berame equal to thai uf 
the EUTTounding water, its further expansion ceatcri, 
and the surface of the luerctiry in the cylinder became 
(Utioiiary. 

The cylinder beinf? accnntely i^aduated, the volume 
I <tf the vapour contained in it, in this stale, was observed. 
e tempeiatnre of the same vapour was deEenmocd 
Iby thai of the surrounding water. Its pressure wm 
I found by measuring the height of the surface of tlu 
mercury in the cyhnder, above the surface of die 
mercury In tlie cistern in which the cylinder was im- 
mersed. The difference between this height and tb( 
height of the barometer at the same period, allowance 
being made for the difference befwoen the tempen- 
tures of the mercury in the barometer and the mercury 
in the cistern, gave the pressure of the vapour widi 
the greatest exactness. The actual weight of the liquid 
convefteil into vapour having been previously deter' 
mined aU the necessary qualities of this vapour b>- 
came known, namely, its temperature, volume, tenrim, 
and weight; and hence its specific gravity was easily 
obtained. 

But, in this case, the vapour was not in that state of 
density which it asEumea when it passes immediaKly 
from the Uquid to the vaporous form. In the procew 
above described, the liquid was first vaporised, and 
then expanded by heat in the manner of permanent 
gas. It is necessary, therefore, to determine the 
specific gravity which the vapour would have if the 
apace occupied by it at the present temperature were 
saturated ; that is, if it contained all the vapour which 
■ hquid raised to the proposed temperature could «ip- 
Lsly to it. The determination of thia point offers no 
W<jifficulty, when we recollect the result of Dalton's in- 
^ligalioiu. By these we have obtained the tenaiMia, 




of die vapour at which a Itciuid at the temperature of 
the water aarroonding the cylinder in the present in- 
Btance would saturate the space above the mercury in 
the cylinder. Now, this vapour, having the same tcm^ 
perature as the vapour in the space, must have a density 
beuing to the density of that vapour the same pro- 
portion as their pressure, since they enjoy the same 
properties as a permanent gas existing in the same 
■pace at the same temperature in different degrees of 
density. We have only, therefore, to increase the 
Bpccific gravity already found for the vapour actually 
contained in the cylinder above the mercury in the 
proportion of its tension and the tension of vapour 
which would saturate that space at the same temper- 
»tnre. Hence, the specific gravity of vapour raised 
immediately from the liquid at a given temperature, 
mtder a given pressure, will be obtained. 

By such a process, M. (iay-Lussac detrrmined the 
Hpcciflc gravities of the vapour of water and several 
other liquids. The following table includes the result 
of his investigations, as well as some others ; — 





^'taS'i"' 


^,^ 


(»«T,f 










Water 


0'6235 


91S 


Gay.Lm«c 




0'6S5O 




Dcsprclz. 


Hydrocvanie vapour 


0'M76 


79-7 


Gay-LusHu:. 


Alcohol - 






Gay-Lu(5«c. 


Murikdc elher - 


2-219 




Th^-nnrd. 


Sulpliuric eiiier - 


S-5fi6 




Gny-Lussac. 




2'.?80H 




Dwpreli. 








Gay-LuBSao. 




2'6S36 




Doprctt. 


ffiloflaipentine - 


5-013 


314 


Gav-Lii»ac. 


Hydriodic «h« - 


5-4749 


148 


Gay-Lu»»c. 



The unit to which these specific gravities a 
ferred is the specific gravity of air at the bmvic ucm- j 
» that at which the liquids icB^etXv'd.'j \k^^J 
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The specific gravities, therefore, are not comparaWe, 
since they are not all referred to the same unit Dr. 
ThomsoTi has calculated the following table, exhihirinf 
the actual Bpeeific gravities of the vapour of each re. 
ferred to the specific gravity of air at 60° ai the com- 



Bisulphuret of car 
Oil of lurpenlini; 
Hydriudic eltier 



The specific gravities of the liquids from which ihoe 
vapours are produced are, at the temperature of 60°, 
u follows: — 



HjrdrocyBnic arid 


- 0-7039 


Alcoliol 


- 0-798 


Muriatic elher at 41" 


- 0'B74 


Sulphuric etber 




BiBulphuret of carbon 


- I-M72 




- 0-792 


Hydriodic etfacr at 72° - 


- 1-9206 
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The increase of dimension which liquids luSr 
passing into tlie form of vapour, u in the same pro- 
portion as the diminution of their specific gravity. Thi< 
increase of dimension may, therefore, be computed froni 
their change of spedfic gravity. The following tahle 
exhibits the increase of volume which each of the pie- 
ceding liquids undergoes in passing from the state of 
liquid to the state of vapour, the volume of the li^oi^ 
being taken at its boiling point*: — 



Siilpliuric eilwr - - Slli'lS - - 1-1 

Biaulphurelcif rarbon - 4»4-0(> - - 2-3S 

Oil of turpentine ■ - 199'13 - - 1 

Ufdriodii; elhcr . - 3S3-74 - - 1-7 

It appears, from the preceding rcsuita, that the rapoure 
of different liquids raised under the same pressure have 
no relation between their specific gravities at all tor- 
responding ti) the relation between the specific gravities 
of the liquids from which they are riused. It fre- 
quently happens that the lightest vapours are those 
raised from the heaviest liquids, and the heaviest 
vapours those raised from the lightest hquids. Thoa 
we find tliat the relative weights of sulphuric ether 
and water are in the proportion of 6S2 to 1000, while 
the vapour of the former is to that of the latter in the 
propordonof 2415 to4Hl. In hke manner, the weight 
of (dcobol IB to that of water in the proportion of 798 
lo 1000, while those of their vapours are in the pro- 
portion of 1.111 to 4^1. 

M. Gay. Lussac observed the specific gravity of the 
vapour produced by the mixture of alcohol with water 
in different proportions, and he found that the volume 
of vapour was the same as it would be if the two liquids 
had been separately acted upon by heat. He found, 
in fact, that vaporisation destroyed the effect of the 
feeble affinity with which the two liquids were com- 
Uned. 1'he same circumstance was founil to attend 
inixture« of alcohol and ether, and probably is common 
to all combinations in which the affinity is weak enough 
to be overcome by the repulsive energy ot heat at the 
temperature of 212". 
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The common pneumalical principle 
of air U increased in proportioii 3s the 
it is compreBseil is dintimahed, may be viewed ai tne 
immediate consequence of another propert^^j fix., thil 
one portion of air loses none of its tension when forc«l 
into a space occupied by another portion of the same 
air. If, then, we have two equal volumes of atmo^ 
spheric air, each exerting a pressure of 15 lbs. on the 
square inch, and that one of these two volumes he 
forced into the space occupied by the other, in ihU 
space it will exert the same pressure as it exerted when 
occupying a separate space, and in so doing will not in 
.anywise rob of its tension the air which was previoi^ 
and IB still contained in that space. Hence, the pressure 
which will be exerted on the surface which now con- 
tains the two masses of air will be at the rate of 30 Itc 
on each square inch. To suppose, that it woold 
he less or greater than this, would be equivalent U an 
assumption that, by the mixture of the two masses of 
the same fluid, when forced into one space, some eflfact 
would be produced by them one upon another which 
would mutually aiter their mechanical properties, or in- 
crease or diminish their separate tensions. Such an effect 
would be somewhat analogous to chemical combinalioii, 
which is known never to take place between two masses 
of tile same body. Hence, the well known law of 
Matiotte, that the tension of a gas increases in the Mine 
proportion as i^ density, appears to be an obvious and 
necessary inference from the admitted fact that com- 
pression cannot exercise any chemical effect in mmli^ing 
lis qualities. 

When different gases are forced into the same volume 

■■ effects exactly will ensue, provided that Hwj 

; combine chemically. Thus, if two equal TohnOa 

I gases in such states of density as to hsTC 

Ipresaures be forced into the apace occiqned 




HRrtee the previous pressure of either of the gaees; 
' ind in general if p, p', p", &c., be the preBsureB 
I curted by several gaEee, then equal volumes of these 
ftrced into the space occupied by any one of them 
I win exert a pressure equal to tile sum of the pressures 
I hp'iP"> &o. The pressure of the mixture will in fact 

I This fact, combined with the pneumatical law of 

I Mariotte, and the law by which gases change their ten. 

I mm, or dilate by change of temperature, CKplained in 
Cbtpt«r III.j will be sufficient to enable us to solve 

: ill problems respecting the mixture of gases at any 
temperature, and under any pressure. 

The remarkable property just explained respecting 
ifae mixture of gases, is found lo be likewise true with 
teipect to the mixture of vajiours with each other and 
with gases. Two distinct vapours occupying the same 
■pace have a tension equal to the sum of their separate 
tensions ; and a vapour and gas occupying the same 
^ace, in like manner have a tension equal to the len- 
■ion of the gas added to that of the vapour. This fact 
hu been made manifest by the following experiment of 
H. Gay-Lussac : — Let A B,/^. 98,, be agiass cylinder, 
gndaaled so as to mark ]iortions of equal capacities, and 
havilig stopcocks R and K' placed in tubes screwed 
iUo die bottom and top. From the stopcock R pro. 
ceeds a bent tube, in tlie siphon form. A little above 
the bottom of the cylinder, at T. another glass tube 
proceeds, which is turned upwards to T', and which 
communicates with the cyhnder at T. This tube has 
a diameter much smaller than the cylinder. The 
^parat^is beinp; wull dried before a fire, so as to expel 
^om it all moisture, the stopcock R is closed, and the 
stopcock H' is opened, and the apparatus is filled with 
mercury throuRh the tube R', and the mercury rises to 
the same level in the tube TT'as in the tube R' 
The cock R'is now closed, and the globe G, con. 
tuning the gas under examination, furnished with 
R stopcock r, is screwed on the top of the W\»c ^' . 
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The two slopcocks R' and r are now opened^ to n 
to leave ft free communication between the git in 
Fig. 28. ^ *"*' '^'^ mercury in R'. If the gts, 
as is usually the case, have the ume 
temperature and pressure as the atmo- 
** sphere, the mercury in R' nill mainiainilB 
level undiiturbed, the pressure of the 
gas upon it balancing the pressure of du 
atmosphere in the tube T T'. Let flic 
Blflpcock R be now opened, the mercurj 
will flow through the bent tube below 1^ 
its own weight, and it wiU descend in the 
cylinder A B, and in the tube T T': 
the gas, meanwhile, will flow throu^ 
the tube R', and will expand into iit 
, upper part of the cylinder A B, whid 
the mercury has deserted. When a taS. 
ficient quantity of gas has entered the 
cylinder A B, let the stopcock R be claaed, 
BO as to prevent the further escape of the 
mercury. Let the stopcoch R' be iImi 
cloBe<l, and the globe G unscrewed from 
the apparatus. A qtiantity of the p* 
win now he enclosed in the space A H above tlw 
mercury ; but this gas, having eKpandeil fnnn dw 
globe through an enlai^ed space, will have a kM 
tension than the atmosphere, and, couseqnently, (be 
level, M, of the mercury in AB will be higher than dit 
level A of the mercury in 'FT'. In order to bring thi« 
levels to coincidence, let mercury be poured into the tube 
T', until hy its pressure the gas in A II shall be an^ 
densed, and acquire a tension equal to that of the atmo- 
aphere. When this takes place, the level of the metcgiT 
in A B and T T' will coincide. 

. Let R", fg. 29., be another stopcock, furnished viA 

Fig. 29. a screw to fit the tube R', anJ 

having attached to it a small finuxl 

V to contain a liquid. The pli^ 

1 which tunia in this stopcock 

SQt DJerced, as usual, hut 
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nifihed with i amall hole, O, in one side only, and 
which is not carried quite through it. When R" is 
turned, so that the mouth of this hole is under the funnel 
V, the hole will become filled with hquid from the funnel. 
When R" is turned half round, the mouth of the hole 
will be pretiented downwards over the tube R'; and if 
the stop.cock R' be opened, the drop of liquid in the 
hole O will fall into the cyUnder A B. The stop-cock 
R" being again turned, another drop will be received 
into it from the funnel, which miiy, in like manner, he 
discharged into the cylinder A B ; and this process may 
be continued until as much Uquid as is necessary shall 
be passed into the cylinder A B. 

The hquid which is thus collected af H on the Eur- 
fiwe of the mercury will vaporise, and the vapour which 
H produces will increase the tension of the gaa in A H, 
and will cause the level of fhe mercury to fall ; but a 
remarkable difference will be observed in tliis case, when 
compared with that in which the liquid was vaporieed in 
In the latter case, the production of vapoui: 
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moment it received the requisite temperature; hut here a 
considerable time elapses before the liquid in H gives out 
u much vapour as the space A H is capable of contain. 
iag. Hence we see that the pressure of the gaa on the 
liqtiid retards the process of vaporisation. 

After some time, however, the liquid collected on H 
gives out as much vapour as the spacF above it con con- 
luRj and it ceases to vaporise. The level H then be- 
comes stationary ; and since at the commencement of 
the process it coincided with the level of the mercury in 
the tube T T', it must now be below that level. The 
tm) levels may, however, be brouglit to coincide once 
more by opening the stop-cocli R, and allowing the mer- 
eory to flow from the tube below it ; the gas and vapour 
InA B will then expand. The liquid resting upon H, as 
U is relieved from pressure, giving out more vapour, so 
M to maintain the tension of the vapour in A II at that 
{oint which restrains the further production, ot -vK^o^u 
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1 <be liquid. When the level of the mercury in TI' 
■ud in A B are observed to coincide, let the sUp.cockE 
be again closed. The mixture of vapour uod air in- 
dudeil in A I! nill now have a tension equal to du 
abnoEplieric pressure. The tension of the air included 
in A II may easily be computed ; for, since it had the 
tension of the Btmospheric pressure at the momenl die 
liquid was first introduced through R', it will have a 
tension less than thai, in exactly the same proporlioTi ts 
the space it fills is increased. This increase bdng 
accurately observed, its present tension will be disco- 
vered. If this tension, then, be subtracted from ibe 
atmospheric pressure at the time of the experimmt, cbc 
remainder must be the tension of the vapour whiiJl it 
mixed with the gas in tbe space A H. Now, it is Soaii 
by observation, that this teneion is exactly that which 
corresponds to the tension of vapour produced in t 
vacuum by the same liquid at the same temperalore; 
and hence we arrive at this curious fact, — that the liquid 
restinf! upon H gives to the space A H as much vapoai, 
and of the same tension, as it would give if the epuc 
A H, instead of being flUed with the gas, were a vacuum. 
The only difierence in the two cases is, that if A H were 
a vacuum, it would be instantaneously filled with vipoor 
of a tension due to the temperature of the hquid; wbeKMj 
in the present case, the vaporisation takes place ipok 
slowly, and it is filled with the same quantity of die 
same vapour gradually. 

In the preceding process it has been supposed tbatt 
suffident quantity of the liquid is introduced into the 
cylinder A B, to supply to the space above the liqmi 
as much vapour as it is capable of containing, at dw 
proposed temperature of the liquid : but if less thn 
this quantity be introduced, tbe effect will be diSereDt. 
Let UE suppose that a single drop of the liquid is aUnired 
to pass inw A H, and that this quantity is insufficient 
to saturate the space containing the gas. The liquid 

J be presently completely vaporised. If, in diii alt, 



the mercury in the cylinder A B, and in the tube TT', 
be brought to the same level, by allowing a sufficient 
quantity to flow from the stop-cock R, the tension of 
the mixture of vapour and gas in A II will be found 
to be exactly equal to that which it would have if two 
gases were mixed in A H. The liquid vaporised with. 
oat eaturating the space above the mercury wiUj in 
this case, possess all the characters of a permanent 
gas ; its tension will be diminished in proportion as the 
space it occupies is increased, and Ihia property will 
bdong equally to the gas with which it is mixed, and 
to the mixture itself. Thus we see that so long as no 
part of the vapour mixed with the gas is condensed into 
t liquid, it will possess the same properties as a gas of 
^qnal tension, and the mixture will undergo the same 
dianges of tension as if it were composed of two eqiu- 
Talent permanent sases. 

In the third chapter of this volume it waa shown, 
that al] permanent gasca for equal changes of temper- 
ature, under a given pressure, undergo equal dilatations, 
or, if not suffered Co dilate, receive equal increments of 
tension. From experiments similar to the above, it 
fcdlows, that this property rigorously extends to vapours, 
so long as no part of them is allowed to pass into the 
liquid form, and that it applies with equal exactness to 
mixtures of gases and vapours. 

When a space is filled with a mixture of gas and va- 
pour, these two bodies comport themselves under all 
dianges of volume, by compression or rarefaction, in 
exactly die same manner as they would if each sepa- 
tt,te1y occupied the same space. The gas ddatj^s and 
contracts, changing its pressure and temperature with 
Hb density. The vapour obeys the same law so long as 
no part of it is condensed into a liquid; but as com- 
pKSfflon renders such condensation more easy, by the 
more rapid development of heat, it will in practice ge- 
nerally happen, that when much compression is used, a 
portion of that quantity of heat will escape which is 
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necessary to maintain the yaponr in the aeriform state. 
In that case a corresponding quantity of the yapour will 
become liquid^ and the remainder will be mixed with 
the gas^ having the same tension which it would hsTe 
if the gas were not present. 






!t was long supposed that the vapour produced from 
the Eurface of liquids exposed to the atmosphere, was the 
()onsequeii« of an affinity between the particles of air 
and the particles of the liquid, by virtue of which a com- 
bination was formed, and, consequently, a constant ab> 
sorption took place by the air, of liquids exposed to it. 
The properties of vapour, however, which have heen 
discovered by the labours of modern phUesophera, and, 
above all, by tliose of our distinguished countryman 
Dalton, have proved the fallacy of this supposition, and 
have shown, that all the ])hetiomena of evaporation may 
be accounted for without supposing any affinity whatever, 
or other attraction, to exist between the particles of at- 
motpheric air and those of liquids. 

The explanation of evaporation on the principle of 
chemical combination of the vapours with air, was first 
mggested'by Ilalley, and supported by many succeeding 
philosophers. According to this theory, air was con. 
sidered as having the same effect on water, as water would 
ilave on salt, or any other substance which it might hold 
in solution. The theory was rendered plausible by 
the facility which it oflercd in explaining some of the 
most obvions phenomena of evaporation, such as the 
circumstance of its being promoted by winds, and by 
increase of temperature. Currents of air removing the 
solvent as fast as it became saturated, brought a fresh 
portion of it to receive vapour, and so the process was 
continued and stimulated. Heat, also, was supposed to 
increase the solvent power of the air on viaWt, \n a. 
manner analogous to that by whicli it was Vno-wtv W vtv- 
■aame the solvent power of water on odtec aabsVa.Ty3e*. 



r, kVBCici, at low tempermtnres, was conddettd 
M ftmof am rhiridw, and the iliicover; of (he falw. 
kaad rf Am wi ifO Mtk n was the first step tonaida re. 
■Ving AebjpMbaitof HaUe;; but [his thrar;reed<i(d 
Ik dmk-Uw htm the fact, that vapour is not onlj 
DC wbere do air is present, but, ttiit in 
oacE the same distidty, and oceapies 
, at if the ame space were fiUed wilh 
roit ; n*T more, that it 19 not onljr pro- 
tpacc, boi that il is produced instanli. 
I. if the supposed solrent were present, 
tioa would be considerably retarded. Th» 
I, that the scdution would proceed with greater 
&ditj is Ae abaence of the eolvent than in its preKdCS. 
It ha> been abeady dwwn, that liquids dismiss i^ 
fONT, »h « h «> Ae space above their surface be an acKul 
■■mini, or be filled with air or other gas; and that, if 
WuA aftec be confined within certain limits, it will be 
^^*J" of r«cdriiig from the liquids a diffirent quuu 
li^ of Tapoor, depending solely on the temperature of 
the liquid; and that die quantity, which will saturate 
■ glTvn space, will be the same, whether that space be i 
IMnmn, €r be occupied by atoioipheric air, or other 
tfrifivin bodies. The difierence in the phenomena is 
Ae two cases will oidy consist in the rale at which the 
saturating vapour is produced from the liquid. In the 
case of a vacuiim it is produced almost instantaneouijf ; 
but if air be present its production is retarded, and i 
considerable time may elapse before the space above the 
Uquid is saturated. 

All masses of water placed on the surface of the 
globe have ahove them a mass of atmoiipheric ui, 
which at all times maintains suspended in it a quu- 
tily of aqueous vapour, raised by the process of 
evaporation from the surfaces of this liquid. If ibe 
V'Ultty sustained in the atmosphere be such as to salit' 
tw air. then it is obvious that no further evapw- 
whatever can VaW ^\a£e «t 'Aic fuifuw of the 
This, however, Aoca bo^ Mcaii-j cksox. 



sufficient for its saturation ; and in this case evaparatian ^^H 
wiil take place. It is the object of the present chapter ^^H 
to explain the Jaws which attend this process of evapor- ^^H 
.tion in the open air. ^M 
DaltoD, to whose labours we are indebted in this as ^^H 
in every other part of the theory of vapours, investigated ^^| 
this subject, and may be said to have nearly exhausted ^^H 
it. He commenced by determining the circumstances ^^| 
which attend the evaporation of water at high temper- i 
ature*. In such cases, the tension of the vapour actu- 
iJly suspended in the air would produce an inappreciable 
■^t on the phenomena, because its tension would be ^^1 

therefore, he regarded the atmosphere as perfectly dry; ^^| 
and considered the phenomena to proceed, as they would ^^H 
in a receiver, subject to the presence and pressure of ^^| 
perfectly dry air. A small vessel, containing boiling ^^| 
water, was suspended from the arm of a balance, and ^^| 

mined. The same experiment vim repeated with the ^^H 
same vessel, at various tem]ierature8, from 212° to 138°; ^^| 
and the following results were obtained : — .^^H 
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From this ubk it is apptrent, that, at each Umpcr. 
aCure between the above limits, tbe rate of evaparadan 
is piTDpimonal to the tendon of the vapour, ll will 
easilj be conceived, however, that the same laiv cannoi 
extend to evaporation at low temperatures ; because, u 
die tetcperalt:T« of the evaporating liquid approaches the 
Umpenture of the vapour suspendeil in the air, ibe 
tensions will approach more nearly to equality, and the 
Icaistance of the vapour already Euependetl in the air 
will speedily b^n to produce a sensible efi'ect on ibe 
nte of evaporation- 

lo ordi^, therefore, to detect the !aw by which era- 
ponlioD took place at lower temperatures, it became 
accessary fitst to detertnine the actual tension of the 
■qiMoiu vapour suspended in the atmosphere at the time 
of tbe eKperiment. Tbe properties of vapour previoudy 
discovered by Dalicui, led biro to an el^ant and timple 
solution cf this problem. 

The aqueous vapour suspended in the atmosphetf, 
not being in a stale of saturation, must be regarded u 
having receiTed a quantity of heat which dilated it, toA 
raisM its temperature according to the latfrs for the di- 
alation of the permanent gases after it had passed from 
the liquid to the vaporous state. Now, if all the hat 
which has be«n imparted to it. after it had passed into 
ihe rapoious stale, be taken from it, it will undent 
diminution of teraperaiure, but will not pass from the 
nporotis to the liquid form. The smallest abstract 
fif heat beyond this point will, however, cause a dep> 
sition of moisture, and a partial condensation of the 
vapour. This will be easily understood from what bu 
been cxplainetl in tbe preceding chapters. If, there- 
fore, a body at a temperature considerably lower ihM 
tliat of the atmosphere be exposed to the air, it irill 
first, by abstracting heat from the vapour in contul 
with it, lower Its temperature, until il arrives at ll*' 
tiMiipcnituri' whieh ii had when it passed from i1k 
Jt'qtiiM to the vaporous 6U\e. \^ '4v«\»A'j Vk u a loUK 
tMnpenCurei then, ihQa6\i i*. caw "Qo\(m%»;t \ssww^ - 
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temperatute of the vapour, it will condense it, a 
the vapour will deposit itself in the form of dew 
the sideB of the body. If the body be actudly or 
nearly at that temperature at which the vapour passed 
fioin the liquid to the aerifomi state, then the cora- 
tneucement of tlie condensation will he just indicated 
by a slight dulnesH, produced on the surface of the body 
by the condensation of the smallest possible quantity of 
vapour. Led hy such reasoning, Dalton adopted the 
following means of determining the temperature at 
which the vapour suspended in the atmosphere had 
passed from the liquid to the aeriform state: — He poured I 
water, at a temperature below that of the atmosphere, 
into a thin glass tumbler, and exposed it to the air. If 
be observed an immediate and rapid deposition of dew 
upon its surface, he then wiped the vessel dry, and 
exposed it at -a somewhat higher temperature. He thus 
eootinued to expose the vessel at increasing temper- 
atures, until he found that temperature at which a de- 
position of moisture would just take place on its surface, 
and such, that 1° higher in temperature would prevent 
sach a condensation of vapour. This, then, he assumed 
to be the temperature at which the vapour suspended in 
the atmosphere had passed from the hquid to the aeriform 
state; and the elasticity or tension corresponding to this 
temperature was found from the table of elasticity re- 
nilting from his former experiments. Now, the vapour 
actually suspended in the air had a higher temperature 
than this, and was taiseil to that temperature hy heat 

' communicated to it after it had assumed the vaporous 
form. The additional tension imparted hy this increase 
of temperature, was easily computed hy the rules for the 
dilatation of gases and vapours by heat, explained in 
Chapter III. Hence he computed the actual tension 
of the vapour suspended in the atmosphere. 

The water used hy Dalton in this experiment was 
taken from deep wells at Manchester, the temperature 
of which was from 10° to 15" colder than. t\ie a\.-mo- 

.Mpbeie. This served the purpoee vshea the ittn^exalMTe 
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of the air was not very low ; but in winter, when die 
temperacure was near the freezing point, it became ne- 
cessary to ci>ol the water bj means of ice, or a mixune 
of snow and salt, or olber freezing mixtares. 

The ileposicion of condensed vapour with the appw- 
•Dce of dew, on the external surface of a glass rcasd, 
oontaining iced water, is a fact of familiar occurrence. A 
decanter of iced water, placed on a table, always exhiiuli 
this effect ; and in summer, a decanter of fresh epriug 
water will be observed to have a similar depa&ition on 
its EurfaK. 

He now exposeil to the air a vessel of water at variom 
low temperatures, and noted its rate of evaporation ; n^^ 
however, a larger surface, in order to obtain a quicker 
evaporation than in the former case. Upon examini:^ 
the rates of evaporation resulting from these experi- 
ments, he found that they were accurately proportionil 
to the difference between the tension of vapour, wUtll 
would saturate the atmosphere at tile temperature of tbt 
water, and the tension of tlie vapour actually suspended 

It thus follows, that the rate of evaporation from the 
■urface of water, in all states of the atmosphere, will be 
proportional to the tension of vapour which would latn* 
rate the air, diminished by the tension of the vapoor 
which is actually contained in the air. 

The investigations of Dalton were next extended to 
Other li<]uids ; and as the portion of the vapours of these 
which would be suspended in the attnospheie wotild 
be alti^Cher insigni^canc, the problem became some- 
what more aimple. The atmosphere was regarded is 
perfectly dry with respect to these liquids; and it wu 
found that their rates of evaporation were, in conformity 
with the law already obtained for water in a dry aflno- 
■phere, always proportional to the tension of the vapour 
of the liquid which would saturate an empty space U 
the propoaed temperature. 

AU the preceding TesviitE ta\e \iewv ttaained on the 
<ujjpoai(ion thai the ait ibo^e liit kosIiw; il <W wi-- 
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poratiD}); liquid 1b perfectly calm, so that the Game Etra- 
lum sfaall always remain in contact with the air, and 
die EucceBsive strata above it ehall continue undisturbed. 
When this is not the case, the rate of evaporation must 
needs unilergo a corresponding chan)i;e, and this change 
is generally one which accelerates it. As the liquid 
imparts its vapour to the stratum immediately above it, 
and that vapour passes from stratum (o stratum up- 
wards, the evaporation will be slower in proportion to 
the quantity of vapour suspended in its strata ; but if 
the air be agitated, and especially if a current of wind 
pass across tlie surface of the liquid, then, as fast as the 
vapour is deposited in the strata, it is carried off, and 
freah portions of air not impregnated with vapour 
take their place. The evaporation may, in this case, 
be Rs rapid as it wonld be in perfectly dry air, inas- ' 
much as the air above the liquid is never allowed to 
accumulate in it any quantity of vapour. It may there- 
fore be assumed as a general principle, that a draft 
maintained across the surface, or winds, or any agitation 
of the air, has a tendency to accelerate the process of 
evaporation. 

In the experiments of Dalton on the vaporisation 
of boiling water, he found that the rate of vapor- 
isation, in a space perfectly sheltered from currents, 
wai slower than when exposed to a draft produced hy 
<q>en windows and doors, in the proportion .of S to 3. 
The evaporation in still air was at the rate of 30 grains 
of water per minute ; and in a draft, 45 grains per 

Since the evaporation of diSbrent liquids is propar- 
tional to the tension of their vapours, it follows that 
liquids which boil at high temperatures must evaporate 
very slowly at ordinary temperatures ; for the tension 
(J the vapours of such liquids are insensible at all ordi- 
nary pressures. Indeed, sulphuric acid, mercury, and 
other like liquids, which boil at very high tempetatures, 
may be regardeil as fixed, or having no oavotUkiTi 



. The evftporotion of bodies whose boiling point ii 
liigh on the thermometric scale being inappreciable tl 
all moderate temperatures, a question arises, whether 
the vaporising principle is subject to any limit ifhal. 
ever. As the diminuijon in the rate of evaporadon ii 
«ubject to the law of continuity, 
gradual, and continued diminutioi 
of its actual limit, if it has one, by experiment or obterv* 
atioQ, must obviously be exceedingly difficult, if, indeed 
it be within the bounds of possibility. Such ■. liini^ 
therefore, if it exist, must rather be sou^t tot If 
the operation of the reason an facts known, than 1^ 
the operation of the senses on facts to be observed. A 
system of reasoning, applied with great ingenuity bj 
Dr. Wollaston, to fix the Umits of the atmosphere, hti 
been appUed by Faraday, to show that an actuil 
limit must exist, for a similar reason, to the operation of 
' the evaporating principle. Dr. Wollaston argued, that 
the tendency of the molecules of the atmospheric air Ki 
xepel each other being known, by direct observation, U 
be subject to a continual diminution, in proportion U 
the distances between the molecules increased, or, in 
Other words, in proportion to the rarefaction of the lit ; 
ftnd the same molecules being admitted, in common with 
all other matter, to be subject to the laws of gravitation ; 
it follows inevitably, that, when the actual weight of 
the molecules becomes equal to their mutual repobdon, 
then, these two forces balancing one another, llie mol^ 
culea will rest altogether like the particles of a liquid. 
This must hapjien, therefore, on the top of tlie atmo- 
aphere, where it is possible to conceive a body, whoac 
apedfic gravity is less tlian the specific gravity of air 
in that state of rarefaction in which the repulsion of ilt 
molecules equals their weight, to float on the aurfac^ 
exactly in the same manner, and for the same reason, U 
a ship floats on water ; or, to come to a closer analogy, 
for the same reason that we see a balloon float betweeD 
two strata cf air, when, bulk far bulk, it is lighter than 
that on which it preHaea, and. \Mwnei iIdbii '&«b,wan»* 



diately above it. Now, ailmitling that the tendency 
to evaporation liepenils on the energy of the repelling 
force produced by the presence of heat hating a ten- 
dency to drive off the Gtratum of particles which rest 
on the surface of the liquid, it will follow, that gravity 
wilJ, at length, balance or prevail over the repulsive 
force, and will prevent the panicles from flying off or 
craporatinE. Immediately before the liquid altalns thia 
state, the repulsive principle exceeds the gravitating one 
by so exceedingly small an amount, that the quantity of 
evaporation, though not exactly nothing, may be con- 
ceived to be so extremely small as tJ> be utterly in- 
appreciable by any direct sensible observation. Such 
is Faraday's reasoning, to prove that there exists 
a limit in all bodies to the action of the evaporating 
principle ; and that this limit is very low in those bodies 
that fuse at low temperatures, and that it may be high 
in bodies which fuse at very bigh temperatures. 

If it be admitted that the evaporating principle has 
no limit of Ibis nature, it will follow, that the atmo- 
sphere must always be impregnated with the vapours of 
■U bodies, whether solid or liquid. It is lli^cult b 
Imagine this to be the case, without supposing a great 
variety of chemical effects to be produced by such a 
fiuion of substances, having such an indefinite va 
of physical relations one to another. It seems much 
more probable, that the less vaporisable substances at 
common temperatures are below the vaporising limit, 
■nd that the atmosphere contains suspended in it 
diiefly the vapour of water, with slight e 
dwal admixtures of the vapours of the more volatile 

The elevation of tlie average temperature of the ai 
hu a double effect on the rate of evaporation. By 
raising the temperature of water, it has a tendency to 
increase the rate; but, by causing an increased quantity 
of vapour to he suspended in the air, it has, on the 
other hanif, a con frsry effect. The difference \icV««ea 
tiu extreme teiiEwn due to the lempeialiite, S»i lii* 
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n of the vapour actually Buspendeil, is, pcrh»p!, 
greater in warm than in cold weather ; because in cold 
weather the atmosphere is nearer its point of saturatien 
than in warm weather. Hence the rate of evaporatiaD 
is probably greater in summer than ii 

The method adopted by Dalton for determining the 
tenaion of vapour suspended in the atmospliei 
given time, is, perhaps in skilfiil hands, tni 
than any which has since been discovered ; especlsllf if 
the glass vessel used be sufficiently thin. Dr. Thomton 
Htales, that he has submitted to experiment other in- 
Ktruments for (he same purpose, and this simple 
and that he is satisfied tliat the results obtained by the 
Itst are susceptible of the highest degree of accuracy. 

Other instruments, however, have been contrived 
for determining the quantity of vapour suspended in 
the atmosphere, and are called hygrometf.ra. 
of the moistness of the air. 
generally constructed from some substance which hia 
• power of absorbing moisture, and which gives sonil 
external indication of the quantity which it absorbs. 

The hygrometer of M. De Luc consists of an ei' 
titfaely thin piece of whalebone, which is stretched 
between two points, and acts on the shorter arm of h 
index or hand, which plays on a graduated scale lib 
Ac hand of a dock. The' effect uf (he whalebone ab- 
■orhing moisture is to cause it to swell, and its lengA I 
Incmses ; aitd, on the contrary, when i( dries, its lengA ' 
ia contractetl. The index is moved in the one direcdon 
or the other by these effects, and the space it moves 
0*er givM (he change in the hygrometric state of the 
Uinospherv. 

The hygrometer of M. Saussnre consists of a hn- 
lUU hair, previously prepared by boiUng it in a causlie 
la]r. Il then becomes a highly sensible absorbent of 
>. One extremity is fuspcnded from a hook, 
other extremity carries • small weight which 
Slt«tched. It \s TOrtsei otice Townd. a grooved 
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arch. As tlie hair contracts and expands by ihe eBect I 

of absorbing moisture, the wheel is turned in the one fl 

direction or tlie other; and the index shows this effect H 

hy moving through a corresponding portion of the ■ 

That this instrument may indicate the absolute I 

quantity of vapour supended in the air, it nas neces- I 

sary that some fixed points upon it shoulil be deter- I 

mined analogous to the hoiling and freezing point of I 

water on a common thenrnometer. To effect this is, I 

however, more diilicult in the present case^ inasmuch I 

aa the instrument is inSuenced at once by two causes ; I 

namely, by heat, and by the qnantity of vapour sus- I 

pended in the hair. M. Saussure first considered the I 

application of the instrument when exposed to an H 

invariable temperature. He placed it in a vessel which H 

contained perfectly dry air at the proposed temperature. I 

He thus obtained the point of extreme dryness. He ■ 

Aen successively introduced into the receiver several ■ 

unall known quantities of water. This he accomplished ■ 

by depositing the liquid on small pieces of linen, which H 

he weighed exactly, and determined the quantity of I 

liqiud thus introduced. When each successive portion ■ 

of the hquid was vapoHseil, he observed and marked | 
the indication of the hygrometer. He then withdrew 
UiHD and weighed them again, thus determining ex- 
actly the quantity of Uquid evaporated on each occasion. 
Having repeated very often the enperimenl at the same 

temperature, he found that whatever variation the J 

b^roineter had previously undergone, it always returned H 

to the same point when the quantities of water vaporised 4 

in the receiver were equal. He found the same result ' 
St various temperatures ; the indications at the same 
temperature being always the same; but the absolute 
quantity of water necessary to be vaporised in the space, 
in order to move the hygrometer through the same 
Domberof degrees, was different at different tempeTa\,uie%. 
To obtain, (Aere/bre, iJie actual quantity oi vjaleT s>js- 
in tbe form of yapour, it is neceaaftT'^ al 'Sob 
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time to observe ihe indications of tlie thermomptei 
uid hy^ometer. These two itidicatioiiB are always 
nifEcient for the exact solution of the question. 

The hygrometer of Leslie is an instrument by whidi 
die hygrometric slate of the air is indicated hy the rate 
at vrhich water evaporates. The bulb of an air lhe% 
Riometer is covered witli silk or bibulous paper, which it 
moistened. The moisture evaporating, produces coU 
in the bulb, and immeiliately aflfects the thermometw. 
The rapidity of the evaporation thus indicated, depentb 
on the temperature of the air, and the quantity of 
moisture it contains. This instrument, however, is I 
very imperfect indicator of the hygrnmetric state of dit 
atmosphere. 

The beautiful theory of evaporation, the detsilaof 
which we hare attempted to explain in the present and 
preceding chapters, and for the prindpal part of 
which the world is indebted to the genius of Ualton, 
alTords a full and satisfactory elucidation of innumcnUc 
phenomena which present themselves in atmospheric 
and meteorological effects, and in all the processes rf 

It has been already explained, that when two liquid^ 
such as water and alcohol, which combine with a wnk 
affinity, are mixed together, their combination is de> 
stroyed by the process of vaporisation, and each liqnid 
vaporises at a given temperature, in the same manner 
that it would do if it were vaporised independently o( 
the other. The process of the distillation of spirit* de* 
pends on this principle. Let us suppose that a liqnid, 
composed principally of water and alcohol, is placed in 
a hoiler or tlill, which communicates by a tube, with ■ 
refrigeratory or cooler, which is capable of condendif 
into a liquid the vapour which passes from the stiS 
through it. If this mixture be raise<l to a temperatare 
nearly aa high as that at which the alcohol would boil, 
a vapour will rise, composed of the vapour of water and 
the vapour of ako\\o\, wivxei. -mednaroKifc^- Now, it 
fclrilf be recollected, that Ave »^ec\&.t 5itt.\\vi tn ftww^ 



of ihe vapour of alcohol at its boiling paint is about 3^ 
times thai of the vapour of water at 912° ; and again, 
die density of the vapour of water at 912° is double 
the density of the vapour of water at 180^ Hence it 
foUowB, that the density of tlie vapour of alcohol at its 
boiling temperature, 180°, will be about seven times the 
density of the vapour of water at the Barae temperature. 
Thus, in the steam produced from the mixture of equal 
parts of water and alcohol, we shall have the proportion 
of alcohol to water in the mio of 7 to 1, This, when 
nondensed in the refrigeratory, will give a strong spirit. 
By repeating the process of distillation, the mixture may 
be more and more separated from the water which it 



If the distillation be conducted under a diminished 
pressure, or in a>vacuum, the Uquid will boil at a much 
lower temperature ; and the portion of aqueous vapour 
which will be disengaged, will be of such a small degree 
of density as at length to become insensible. 

The principle on which the process of disiillation in 
general, Iherelbre, depends, is, that the cinistituent parts 
of the mixture boil at different temperatures; and that, 
if the mixture be caused to vaporise by heat, that part 
of it which boils at the lower temperature wii! vaporise 
in greater quantities than that which boils at the hi^er. 
When the vapour is condensed in the refrigeratory, a 
new mixture will then be obtained, containing a much 
gieater quantity of that constituent part which boils at 
the lower temperature ; and, on the other hand, the 
liquid which remains in the boiler will contain a greater 
portion of that which boils at the higher temperature. 
In general, by conducting the process in vacuo, or under 
diminished pressure, this object is more effectually 
attained, because lees in proportian of the liquid which 
boils at the higher pressure vrill be vaporised in the 
process. 

In some cases it -happens, that the temperature v 
ceasary to boil the liquid under ordinary \itesE.\iie ivia.^ 
iesaab sa to decompose, or otherwise injuie, some ti 
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mtituent pari of ihe mixture which it ie important to 
preserve. Far this reason, the aiwve method is laid to 
have been ailopteil witli advantage in the distiliatioii gf 
vinegar, which it is impoesible to ilistil in the oidiiuij 
way without giving it a pecuhar burned flavour; bol, 
by distilling it in vacuo, the vapour is raised at tbe 
temperature of 130°, and this elTect ia avoided. 

In the process of suf-ar-refining, it was found, that bj 
raising the syrup to the necessary temperature, a riik 
was incurred of burning or decomposing it by too mucli 
heat. The method of balling in vacuo was adopted by 
Mr. Edward Howard, to remove this inconvenlenw. 
The syrup is thus concentrated to the granulating pmnt, 
without risk of decomposition. This method is now 
generally followed. 

^Vhen vapour was proiluced from a hquid by ebul- 
lition, wc have observed, that a large quantity of heal 
was abtorbed in the transition from the liquid to tbe 
gaseous form. The same effect attends the produc- 
tion of vapour from the surface; and, in fact, it it 
an indispensable consequence of the transition of a body 
into the vaporous form, at whatever temperature that 
transition takes place. In tlie formation of vapour, 
therefore, a quantity of heat must be supplied to the 
vapour formed, ami must become latent in it, and thit 
heat must he supplied, cither by the body itself, or by 
surrounding objects. By whatever means it is supplied, 
the o1{ject which communicates it must undergo a eor- 
regponding depression of temperature ; and hence, vapor- 
iutian becomes a means for the production of coU, 
on a principle precisely analogous to that of freenHg 
mixtures, expldncd in Chapter VI. 

This principle ia illustrated by the method used » 
tool water for domestic purposes in hot countries. The 
water ia placed in certain porous vessels, called in fix 
East alcarrazm; and these are suspended in a ctinent 
of air; aa, for example, between two open doors. 'il« 
vesael allows the water to penetrate it, and thus expoM 
, jt more effectually to evaporation, as well Inn^. 
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■urfice of the liquid itself, as from tlie exterior surface 
of the vessel containing it. As ibu vapour h formed, 
• quantity of latent heat is necessary fur it ; and 
this latent heat is sup[)Iied from the wat«r contained 
in the vessel, which undergoes a corresponding de. 
presaion of temperature. 

The same effect can he made manifest by surround- 
ing the bulb of a tt)eFmoineLer by a moist sponpe, and 
Bxposing it to the sun. Let another thermometer be at 
the same time placed near it in the shade, and the iher- 
wometer surrounded by the Bpon|;e will be observed 
rapidly to fall, while the thermometer in lis immediate 
neighbourhood is stationary. Thie effect ia evidently 
produced by the rapid evaporation of the water with 
which the sponge is saturateil, and a corresponding de- 
piesaion of temperature produced in the liquid remain- 
ing in the sponge, arising from the heat' supplied by it 
to the vapour. 

The depression of temperature produced by evapor. 
■tion will be more |)erceptible tlie more rapid ia the 
evaporalioii, because then the body from which the beat 
i« abatraeted has not time to receive a supply of heat 
6wn surrounding objecta, to replace that which it hai 
pven out. Hence, by conducting the process of evapor- 
mtion in a vacuum, where the evaporatioo is almoat 
inatantaneous, the cooling effect is more conspicuoua. 
If a quantity of water included in the bulb of a 
dlermometer tube be surrounded with a sponge mois- 
tened with ether and placed under the receiver of 
ta air-pump, tlie moment the air is withdrawn the 
ether suddenly evaporates ; and if a sufficient quan- 
tity of ether be supplied, the water in the bulb will be 
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The 
striking 



fact may be exhibited in a still more 
T, by pouring some ether on the surface 
flat vessel. When the receiver placed 
over these is eiihausted, the etlier will boil in conse- 
quQice of the removal of tlie atmospheric pressure, and 
■iU Ji^d. evaporation will piesenliy cauae the water 



r it to tneie. We shill thus have the singnlai 
ethibition of two UquidG, oae resdog upon the other, 
ibe one boiling and the otho- freezing at the mdm 
noioeiit ; and, after the lapse of a few minniea, one il- 
together disappeanng in the form of vapour, while the 
ocber Kdidifics in (he form of ice. 

A beautiful eiperimeDt was contrived hy Leslie, in 
which water is frozen on this principle. A ahaileir 
TCStd, containing water, is placed under the recdrw 
of an air-pump, (.'nder the same receiver is placed 
a large flat dish, containing btrong sutphtiric acid. The 
receiver is now exhausted as rapidly as possible tf 
the pump, and immediately the evaporatioD of iht 
water takes plnce. If the sulphuric acid were ihH 
present, the spice within the receiver would be as- 
turated almost instantaneously with the vapour gf 
the water, and all further evaporation would be stop- 
ped ; but (he sulphuric acid, not being itself sulgai 
to sensible evaporation, has besides a strong affinity 
for water, by virtue of which it attracts the aqueom 
vapour, and causes it to be condensed on its surface. 
As fast, therefore, as the water evaporates, its vapour i) 
idxed upon by the sulphuric acid in the lai^e dish, and 
the space within the receiver is still maintained a va- 
cuum, so that the evaporation of the water continues ta 
rapidly as in the first instance. Now, the heat neces- 
sary to give the vaporous form to the water can onlj be 
received from the water itself, which remains in the 
dish; and, therefore, it must undergo a rapid depression 
of temperature. It will speedily fall to the temperature 
of 32°, and in a few minutes will be frozen. By ihti 
procees, conducted under favourable circiunstancef, 
Xicslie was not only able to freeze water, but to ooB- 
geal mercury, and it is said that he even produced a 
cold of — 120". The property on which this beautiftf 
experiment is founded is not recommended alone )lj 
the surprise and pleasure which its result always pVh 
, duces ; ii is Biieceptiblc of useful apphcation ia che* 
I wheu it is neieasary to separate 
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liquiiU which hest nould decompose, and to dry animtl 
and vegetable subslmceB without exposing them to dis- 
OTganieaiioa. 

By tiie same method, the fact that ice iiaelf, at all 
temperatures, is subject to evaporation, may be made 
manlfeEt. If a few ouDces of ice be placed under the 
receiver of an air-pump over a similar dish containing 
coDcenCraCed sulphuric acid, and the receiver be exhauat- 
cd, the ice will altogether disappear in about 24 hours. 
During the whole of this time the temperature will be con- 
riderably below 32'. After the ice has disappeared, the 
•ulphuric acid will be found to be combined with water, 
and to have increased its weight by the exact weight of 
the ice. 

la climates where the temperature of Che air never 
falls so low as the freezing point, and therefore where 
no natural ice ever exists, ice is obtained ardflcially by 
a cold produced by evaporation. In India it is obtained 
by making extensive shallow excavations in large open 
^tins. In these water is exposed to evaporation in small 
earthen pots unglazed, so as to be porous and penetrable 
by water. Soft wattfr, previously boiled, is placed in 
theae vessels in the evening in the months of December, 
Anoary, and February. A part of U h usuaDy frozen 
in the morning ; when the ice is collected, and deposited 
in jnts surrounded by straw, and other bodies which 
exclude heat. Radiation, also, has a part in producing 
tUs effect, as wiU be explained hereafter. 

Evaporation being extensively used in the arts and 
muiufactures, it has become a matter of considerable 
importance to conduct it with as much economy and 
ezpeditioa as possible. The circumstances which prin- 
e^wlly promote it being increase of temperature, and a 
constant change in the air which is immediately above 
Ae evaporating surface, these two objects have received 
spedal attention. In factories where evaporation is 
uaed, the vessels containing the hquid to be evaporated 
ore tisually placed where they shall be exposeil to a 
Mncnt of air passing over their surface. 
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where it has been found convenient to promole the ev»- 
|M>Tation by heating the liquid, the heat is frequentlj 
applied only to the surface, instead of being rommunj. 
eated by fire at the bottom of the vesBel. In fact, die 
cmrent of air which is made to pa3s over tile Eurface of 
the evaporating liquid is previously heated by forcing 
it through a iire. The flame of the fire is alio Eome- 
timet made to play over the evaporating surface. 

The coolers in breweries are Urge shallow vesseli, 
exposing a considerable surface with a small depth of 
ihe liquid. They are commonly placed at the top of 
the building, and are open on every side to the air, M 
that in whatever direction a wind blows, a current of 
*ir must pass over them. There are also provided ( 
number of revolving fans, by which the stream of lit 
in immeiliate contact with the evaporating surface ii 
continually kept in a stale of agitation. The evapor- 
.atjon has a continual tendency to saturate the siranun oT 
■ir immediately ovo' the liquid, and by these expedieutt 
this stratum is caused to underpo a constant change; 
Hie air saturated with vapour being driven away, and) 
fresh portion supplying its place. 

M'hen salt is helil in solution by water, tlie proceH 
of evaporation affects only the water, and loosesg 
the connection produced by the affinity of its partickt 
for the molecules of the salt. If the solution, in ihii 
case, be what is called a imturaled tohttion, that is, if it 
contain as much salt as the water, at the given tempo'- 
ature, is capable of sustaining, then the least quantitj 
of evapoi'ation must be aitendeil with a <leposition of 
crystals of salt in the Uquid ; and if the evaporatitn 
be eontinied. the water will at length altogether di»- 
■ppear, and nothing but a mass of crystallised salt nil 

This principle forms the basis of the method by wMcli 
(all is obtained from sea water. The water is recdnd 
into ■ number of lar«ie shallow ponds lined with clay, 
uul prepareil on the sea-shore. The water, being »- 
Ctived into Uteae, aod daDnDtd in, is left expeaed l|^ 
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weather in the best of Bummer, If the weather be dry, 
the quantity of evaporation will considerably exceed the 
quantity of rain ; and large surfaces, being exposed in 
proportion to the depth of water in the pits, the water 
win be grailually dissipated, and will at length altogether 
^lappear, and a quantity of what is called lia\/ salt will 
remain behind. This salt is said to be the fittest for 
the purpose of curing fish. 

When ice cannot be obtained, wine may be cooled in 
T&rious ways by the process of evaporation. If a moist 
towel be wrapped round a decanter of wine, and ex- 
posed to the sun, the towel in the process of drying will 
cool the wine ; for the wine must supply a part of the 
latent heat carried off by the vapour in the process of 
drying the towel. Wine coolers conetructed of porous 
earthenware act on a similar principle. The evapor* 
>Cion of water from the porous material reduces the 
temperature of the liquid immediately surronnding the 
wine. Travellers in the Arabian deserts keep the water 
cool by wrapping the jars with linen cloths which are 
kept constantly moist. 

Historians mention, that the Egyptians 
■ame principle to cool water for domesti 
Pitchers containing the water were kept co: 
Rl the exterior surface during the r ' 
morning were surrounded by straw 
Gommimication of heat from the external a: 

In Itidiij the curtains which surround beds are 
■prinkled with water, by the evaporation pf which the 
«iT within the curtains is cooled. 

The absorption of heat in evaporation will enable ui 
eamly to comprehend the danger arising from wearing 
damp clothes, or from sleeping in a damp bed. In the 
•Dinial economy, there is a source, the nature and oper. 
■lion of which is not understood by us, by which heat 
ia generated in the system, and is continually given out 
by the body. If any cause withdraws heat faster from 
the body then it is thus produce<l, a sensation of cold is 
dUl; uid if, on the contrary, the heat be not withdnwn 
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as fut M it is genettud, the badj becomes DDdolf 
vann. A baUnce should, therefore, as mucb w poi- 
■fair, be maintained betireen the natural power of the 
Indj in the prodactioii of heal, and the faculty of n 
Mtiisg that heat in siuToundin^ objects. In cold 
weather, all soirouodiDg otQCcIs, being at a much lonvr 
temperature than the body, have s tendency to receift 
beat faster than the body can supply il 
case, aniticial iOUfces of external heat are sought, bj 
which the temperatum of surrounding objects may t« 
taised, so as to accommodate themselves t ' 
■ystem. In very hot weather, on the contrary, the 
temperature of surrouniling objects is so near the lem- 
peiatore of the body, that the heat produced iu ibe 
Bjstem is not recdved with sufficient facility to \xef 
the body cnfficiently eooL In this case, artificial m 
of keeping down the temperature of the body are 
etMUily resorted to. 

If tbe dolbec which cover the body are damp, dte 
rooisture which tbey contain has a tendency [o eraporaU 
by the heat communicated to it by the body, 
feet, the body, in this case, is circumstanced exacdj 
in (he same manner as the bulb of a thermometer, 
■faccdy described, surrounded by a damp sponge; in 
whidi case we saw that the mercury rapidly fi4L 
The beat absorbed in the evaporation of the moisCDK 
comained in the clothes must be, in part, supplitd 
Iw ifae body, and will ha^e a tendency to rediiK 
the tMnperature of the body in an undue degree, and 
ihenby to produce colli. The effect of violent labour or 
eserate is, lo cause the body to generate heat mud 
faster than it would do in a state of rest. Hence vc 
tee why, when the clothes have been rendered wet by ' 
rain or by perqiiration, the taking of cold may h 
avoided, by keeping the body in a stale of e 
labour until the clothes can be changed, or till tbej 
(by on the per^n ; for in thb case, the heal c 
off by the moisture in evaporating is amply supplied bj 
Atndniidant beat genented by labour or gaerdte;'^ 



A damp bed, however, is an evil which cannot be 
remedied b^ this means ; the object of bedclothes being 
to check the escape of heat from the body, so as to 
fflipply at niglit ihat warmth which may be obtained by 
exercise or labour during the day. This end is not 
only defeated, but [he contrary eSect produced, when the 
clothes, by which the body is surrounded, contain 
moisture in them. The heat supplied by the body is 
immediately ateorbed by this moisture, and passes off 
to vapour; and this effect would continue until the 
dothes were actually dried by the heat of the body, 

A damp bed may be frequently detected by tlie 
me of a warming-pan. The introduction of the hot 
metal causes the moisture of the bedclothes to be im- 
mediately converted into steam, which issues into the 
Open space in which the warining-[)an is introduced- 
When the warming-pan is withdrawn, this vapour is 
again partially condensed, and deposited on the surface 
of the sheets, If the hand be introduced between the 
•beets, the dampness will be then distinctly felt, a fihn 
of water being in fact deposited on their surface. 

The danger of leaving damp or wet clothes to dry in 
an inhabited apartment, and more especially in a sleeping 
room, will be readily understood from what has been 
jnit explained. The evaporation which lakes place in 
the process of drying causes an absorption of heat, 
and produces a corresponding depression of temperatiu'e 
in the apartment. 

A striking example of the effects of cold produced 
by evaporation, is exhibited in an experiment contrived 
hj Dr. WoUaslon, and made with an instrument which 
he called a cryophora*. This instrument consisted of a 
, Fig. 30. glass tube A B, 

. * R fumishedwith twobulb* 

JC A C D, placed on short 

gpj LJ" branches at right anglea 

" to it. A small quan- 

tity of water is introduced through a short tube which 
foun the bottom of the bulb D atO. It i« 
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jDtil the space above C, and tnbe AB, ud 
the bulb D is compleldy filleti with aqueous vapour to 
die exdusioD of atmospheric air. The tube O is iha 
dosed by melting il wiih a blowpipe, bo that the in- 
terior of the apparatus now contains nothing hnt vata. 
When (he inslrunienl cools, the vapour i« condensed; 
md each a vapour only tubsiBts in 
corresponds to the leuiperatnrc of the water in 
the bulb l> be now sarroonded by a freezing ti 
or exposed to any intFnee cold, (he vapour producnl 
from the water in C will be condensed in it. so that the 
■pace above the water in C, and in the tube A B, will 
be constantly prevented from attaining tbe state of 
ntnratioii. The evaporation will (hen be continued, and 
the latent hea( of the steam must be chiefly derived frtm 
ibe sensihle heat of the waier remaining i 
tEmpnmtare, .therefore, of this water will be rapidly 
depKSsed, until it reaches the freezing point, when it 
will be tolidiHed. 

Allien an iid: bottle has a large mouth, the sar&wof 
the liquid in it will be exposed to a rapid e 
and as thia evaporation affects only the aqueous part of 
the liquid, the eflect will be, that (he ink will first be- 
come thick ; and if exposed a longer time, the whole of 
ibe liquid jwrtion of il will pass off, and nothing bU 
the hard colourinp matter will remain. If, howevsr, 
ibe mouth of (he bottle be contracted to a small apw- 
ttire, sufficient to receive a pen, the rate of evaporatiaii 
*ill br considerably diminished, for although (he but- 
ftn of ink in the bottle may be large, yet the evapop- 
Uion having in the fiist instance saturated the space 
hrtwecn the surface of ink and the mouth i>f (he bolde, 
■M (briber evaporation coulil take place if that moatb 
were ttoppe<i ; but, if it be opened, then a portion of &t 
vapour, contained in the bottle above the surface of the 
), will escape from it into the ^tiata of air immedi. 

Vftlwn: but this portion will be le^s in propnrdoa 

be bottle U small. It will, therefoic, 

L that ink will be lesa liable to thicken in M 
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itttes having a small aperture, than in those which 
ire a large aperiure ; but the thickening of ink may 
t altogether avoided b; the use of ink bottles, which, 
bile they are capable of containing a coneiderable 
lantity of ink, expose a very small siirrace to evapor- 
ion. Such bottles are constructed hke bird-cage 
Fig. SI. fountains. AB,fg. 31. is a glass 

bottle, completely closed at the 
top, and having a tube, C, pro- 
ceeding laterally from tile bottom 
turned upwards, where there is a 
small mouth large enough to re- 
ceive a pen. The bottle is tilled 
by inclining the closed part, A B, 
slightly downwards, and pouring 
e ink in at C, held in a slanting position. When 
e bottle is placed in the upright position, the surface 
' the ink in the bottle will remain above ibe surface 
' the ink in C, because the atmospheric pressure act- 
g in C, will lialance the weight of (he ink in AB, 
gether with the pressure of die air contined in A B, 
he evaporation from the surface in A B, having salu- 
ted the space above it, will cease, and the oniy evapor- 
ion which will have a tendency to thicken the ink, 
III be that which takes place at the surface in C ; but 
ie surface being very small, the effect of the evapor- 
ion will be inconsiderable. In such an ink-bottle, ink 
»y remain severs! months without thickening. 
The reciprocal processes of evaporation and condena- 
ion, are the means whereby the whole surface of that 
at of the globe which constitutes land is supplied with 
e fresh moisture and water necessary to sustain the 
gaiiigstion and to maintain the functions of the animal 
d vegetable world. Hence, sap and juice are supphed 
vegetables, and fluids to animals ; rivers and lakes 
e fed, and carry back to the ocean their waters, after 
pplying the uses of the living world. The extensive 
rface of the ocean undergoes a never-ceaEing process 
efapentiDD, and dismisses into the itmoaphBre « 
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qiuntitjr of pare KSter, proper tionale to its euesl tC 
surface and the temperature of ihe air above it, tnd to 
the state of that air with respect to saturation. Tbil 
vapour is carried with currents of air tlirougb ever; 
part of the atmosphere nhicb surroumlB the ^obe. 
When by various meteorological causes the temperatote 
of the air is reduced, it will frequeutlj' happen, that it 
wilt come below that limit at which the suspended rapoor 
is in a slate of saturatian. A deposition or eoiidensatioii 
will, therefore, lake place, atid rain or aqueous clouds will 
be formed. If the condensed vapour collect in sphetiol 
drops, it will be precipitated, and fall on the surface of 
the earth in the form of rain ; but, from some unltooira 
cause, it frequently happetis, that instead of collectii^ 
in drops, the condensed vapour is formed into hollow 
bubbles, enclosing within them a fluid lighter, bulk 
for bulk, than the atmosphere. These bubbles i» 
also found to hare a repulsive influence on each otheff 
like thnt of bodies similarly electrified. They floa^ 
therefore, in the atmosphere, their mutual repulsm 
preventing them coalescing so as to form drops. In 
this state, having by the Inws of optics a certain d^^ 
of opacity, they become distinctly visible, and fonn 
douds. 

The vapour suspended in the air during a hot «uiii- 
mer'a day, is so elevated in its temperature, as to be 
below the point of saturation ; and, therefore, ihongb 
the actual quantity suspended be very considerable, yd 
while the air is capable of sustaining more, no condeiw- 
alion can take place ; but in the evening, after the mi 
has departed, the source of heat teing withdrawn, lie 
temperature of the air undergoes a great depression, and 
the quantity of vapour suspended in the atmosphere, 
I lower temperature, iirst attains, and subw- 
quently passes, the point of saturation. A deposition <d 
moisture then takes place by the condensation of tfce 
•edundant vapour of ihe atmosphere, and the small 
parlieles of moisture which fall on the surface, ro. 
/Ueecing by their natural cohesion, form clear pellneid 
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drops on the siirftce of the gnnuicl, and are known by 
the name of dew. 

The clouds in which the condensed vesicles ofTapour 
ire collected are affected by an attraction, which drana 
dwm towards the mouutaini;, and highest points of the 
Rirfac« of the earth. Collected there, they iindergo 
■ change, by which they fom into drops, and are 
deposited in ihe form of rain ; and hence, by their 
Mtural gravitation, they find their way through the 
pores and interstices of the earth, and in channels along 
ita surface, forming, in the one cme, wells and Bpnngs 
in various parts of the earth, where they find a na- 
tonl exit, ,or where an artificial exit is given to 
thera ; and, in the other case, obeying the form of the 
■nrface of the country through which they are carried, 
they wind in narrow channels, first deepening and 
widening as they proceed, and are fed by tributary 
■treams until they form into great rivers, or spread into 
lakes, and at length discharge tlieir waters into the sea. 

The process of evaporation is not confined to the sea, 
bnt takes place from the surface of the soil, and from 
■U v^elable and animal productions. The ahowers 
which fall in summer, first scattered in a thin sheet of 
moisture over the surface of the country, speedily return 
to the form of vapour, and carry wilb them in the 
latent fonn a quantity of heat which they take from 
etery object in contact wltli them, (bus moderating the 
temperature of the earth, and refreshing the animal and 
T^table creation. 

A remarkable example of evaporation, on a large 
Kale, is supplied by that great inland sea, the Mediter- 
nnean. That natural reservoir of water receives an 
extraordinary number of large rivers; among which 
may be mentioned the Nile, the Danube, the Dnieper, 
the Rhone, the Ebro, the Don, and many others. It 
his no communication with the ocean, except by the 
Straits of Gibraltar ; and there, instead of an outward 
current, there is a rapid and never-ceasing inward flow 
at water. We are, therefore, compelled to conclude. 
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that the evaporation from the surface of this sea cairies 
off the enormous quantity of water constantly supplied 
from these sources. This may, in some degree^ be 
accounted for hy the fact, that the Mediterranean is 
surrounded hy vast tracts of Lmd on every side, except 
the west. The wind, whether it hlow from the south, 
the north, or from the east, has passed over a consider* 
able extent of land ; and is generally in a state, widi 
respect to vapour, considerably bdow saturation. Thedi 
dry currents of wind coming in contact with the sur* 
face of the Mediterranean, draw up water with avidity, 
and, passing off, are succeeded by fresh portio.ns of air, 
which repeat the same process. 



In the invcatigations which have formed the Biibjecta of 
die preceding chapters, the effotts of heat in changing 
flle dimensions of bodice, and in causing them to pass 
from the solid to the liquid slate, and from the liquid 
to the vaporous stale, and vii^ ver»S, have been fully 
conaideied. In order, hoivever, to acquire exact notions 
of these effects, and to be enabled to compare one with 
mother in relation to their common cause, it is necee- 
»ary to possess some means by which we may express the 
telative quantities of heat by which they are severally 
pKiduced. It might at first view appear, (hat, being 
igDorant of the nature of this physical principle called 
Iieat, it nould he a vain task to attempt to estimate its 
quantity, much Ies9 (o reduce such an estimate to exact 
arithmetical expression. This objection might possibly 
have some weight, if our object were to ascertain the ac- 
tual quantity of heat which any given body contains, or to 
discover how much it must part with, in order to attain 
a ttate of absolute cold ; but the problem becomes more 
easy of solution when we seelf to know, not the absolute 
quantity of heat contained by different bodies, but 
die rektive quantity which must be communicated 
to them to produce upon them any proposed physical 
diangcs. 

Our ignorance of the nature of heat offers no impe- 
diment to such an enquiry, any more than our igno* 
ranee of the essential constitution of matter prevents us 
from determining the specific gravity of bodies. What 
the cause of tlie phenomenon called vieight may be, we 
are altogether ignorant; but we know that its invariable 
effect is to produce preasure en the sustaining siiirfce; 
and we, therefore, possess an easy test fnr the deter. 
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mination of equal or unequal wdgbts by the equiUlT 
or inequality of this preesure. Hence we canfidentlj 
prouounce not only on the equality or inequiUtj' of 
weighU, but we express their numerical ratio. Il 
is the same with heat. Among its various effects, aoiu 
one is selecled which takes place under the Game dr- 
euiDBtances in an invariable manner, and to this one tB 
others are referred. 

The selection of such a standard is in some degm 
arbitrary, and accordingly different tests have ben 
adopted by cliiferent enquirers. In all, however, it il 
assumed as an axiom, that the same quantity of hnt 
is always consumed in the production of the sameeKcI 
tmder the same circumstances. Thus, to raise the sant 
weight of pure water from 30° to 35° of the comiDCO 
thermometer would be assumed to require the same 
quantity of heat at all times and places. But it conU 
not fairly be assumed that tile same quantity of heat 
is requisite to raise the same weight of pure water ftws 
30" to 35°, as to raise il from 40° to 45°; because, in tbi 
two cases, the water submitted to the action of heU i* in 
different stales. 

To measure a quantity of heat, therefore, it aboold 
be caused to produce identically tlie name ^eet n^ 
peatedly, until the quantity to be measured is exhaiuned. 
Then this quantity will be proportional to tlic number of 
times which it is capable of repeating the same eftet 
Suppose, for example, that we desire to estimate iheqnuu 
tity of heat necessary to convert a given weight of wattf 
into steam. Let the sti'am be compelled to part willi 
the heat which it contains, and to return Jo the aule of 
water ; and let the heat so dismissed by the steam be 
caused successively to raise a given weight of water from 
the temperature of 32° lo the temperature of SG". 
When it is ascertained how often it is capable of doing 
ibis, we shall be able to say how many times more belt 
is consumed, in converting the given weight of witw 
into steam, than ia consumed in raising anollier pnn 
fre^t of wftter fiovo. 3%^ 10 S&° . "fiii^ «i'e<^Qw^ii 
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should BO happen, that, in exhausting the heat lo be 
measured, only a fraction of the interval between 3^" 
tad 36° should be finally consumed. In fact, let the 
last portion of heat applied to the water raise it from 
82° to 3i°. Shall we then be warranted in aSGUming 
that this last quantity is half what would he necessary 
to raise the water from 32° to 36°? It is evident 
dut such an assuniptiDn would not be warranted, be- 
muse it would take for granted that the effects pro- 
duced by heat upon water, between 52° and 34°, are 
identical with the effects produced on the same water in 
■ different slate ; viz., from 3-i° to 36°, Our itandard, 
dterefore, should be one which, whde heat acts upon it. 
miiBt necessardy continue in a uniform state ; and no 
e&ct of heat possesses this character so perfectly as the 
fiuioD of a solid body. It has been already explained, 
dlst during this process the temperature of a solid re- 
mains unvaried ; and it may be assumed, as a self-evident 
[uinciple, that equal quantities of heat are consumed in 
Ibe liquefaction of equal weights of any given sohd. 
Thus, the weight of the sohd liquefied becomes an exact 
TOeBBure of the heat consumed in its fusion. 

Of all known solids, ice is the best suited to this 
purpose. Ice formed of pure water is identical at all 

timea and places, and is a subatano- -' ■' — '- 

btined. In fact, all the reasons wh 
TQuent to take pure water as the si 
gravity, combine to determine ua in 1 
Anion of ice as the standard for th 
e of heat. 

; for measuring hi: 

this principle, called a calorimeter, 

applied by Lavoisier and Laplace. 

Two similar metallic vessels, V and V {fig. 32.), are 
^ued one within another, so as to have an empty space, 
A, between them. From the bottom of the external 
vewel V proceeds a pipe of discharge, furnished with a 
stopcock, icpreaenled at K. From the bottom of the 
ibiiec veBsel V proceeds another pipe, which passes 
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with a close receiver R. The esternal vessel V it ftK 
nished with a dose cover, by which all conimuniMdw 
with the external air it cut off, and the inner ve»se' ' 
likewise furnished with a close cover, hj which all m 
municstion with the apace A between the two vessel 
intercepted. If the space A between ilie vessels 
filled with pounded ice, and placed in an atmosphen 
a lemperature a tittle above 33°, the ice will gradiulh 
melt, and the water producer! hy Its Uquefact' 
win flow off through the pipe of discharge when 6a 
itop.cocb K is open. If tile space between the TCBsdi 
be kept constantly supplied with ice, it is evident thd 
the interior vessel V will be maintained at the constant 
temperature of 3d° ; and the air Included in it, and kcj 
ol^ecis ylaced In it, will be necessarily reduced to tfiii 
temperature. The water protluceil by the UqnefacliH 
e should be constantly rtiscbarged at K, W 
by accumulating it should receive a temperature bight 
than 32". A third vessel, V", is now placed within tbe 
B iwond, and the space B between the second md dual 



ia filled with pounded ice, in the same tnanaer as the 
space A between the first and second ; but it will be 
obviouE that the ice included in this inner space cannot 
be affected by the temperature of tile external air, at 
least so long as the caver of the vessel V is kept closed ; 
for the heat proceeding from the external air is arrested 
bf the melting ice included in the space A, and is ren. 
dered latent by the process of liquefaction, ao that it 
cannot reach the ice in the space B. That ice, there- 
fore, BO far 89 tile effects of the external air, or any 
ether external object, ia concerneil, must remain in die 

If any object at a temperature above 32° be enclosed 
in C, that ol^ect will gradually fall in its temperature, 
by imparting its heat to the surrounding ice. A portion 
of this ice will, therefore, be melted, the heat abstracted 
from the body in C being rendered latent in the lique- 
fied ice in B. If the stop-cock K' be opened, the water 
produced by the liquefaction of the ice will flow 
through the tube into tlie vessel B ; and this water will 
always he proportional to the quantity of heat trans. 
feired from the body in the vessel C to the ice. 

To ensure the accuracy of such an experiment, there 
are, however, several conditions to be attended to. The 
iee introduced into B should not have a temperature 
lower than 32° ; for if it had a temperature below this, 
».part(]f the heat transferred from the body placed in C 
would be consumed, not in liquefying the ice, but in 
raiaing it to its melting point. 'I'his condition may, 
however, be always secured, cither by introducing the 
ic9 into B in a melting state, or by suspending the in. 
troduction of the body into C until the temperature of 
the ice introduced into B has risen to 32', which will 
be known by the water beginning to flow through K'. 

The atmosphere in 'which the experiment is made 
should have a temperature a few degrees above 32°, 
in order to keep the iee contained in A in the melting 
gtate ; and it should not be more than a few degrees 
'^kove 8it°, lest it might produce an effect on the ice in 
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B- lt« perfect exdimoD frotn that vessel cannot ii 
teemed, nnce it ib necessarj in the proj^reGS of d( 
experunent occasionally to remove tbe coven of tbe 
veseels. Two or three degrees eictsa in the tempn- 
mireof die «ir wi)i not produce a Ecnsible effect on die 
Kquefaclion of the ice in.B. If the atmosphere of die 
apartment in which the experiment is conducted ireK 
much above 39°, another eonrce of inaccuracj wonU 
arise from tbe circumstance of the water deposited in & 
vessel R acquiring the temperature of the Eurrouadiiig 
•ir. This water would produce vapour correapoiidiif 
to its temperature, which vapour would aacend throu^ 
tbe open stop-cock K, and be condensed on the ice in 
the vemel \". In this condensation of tbe vapour, hctl 
would be extricated, which would melt a correspondii^ 
portion of the ice.* The narrow pass^e allowed bj 
tbe Mop.cock iL' wotitd, however, render this effect ver; 
ittconaiderable. 

The effect of these errors may, however, be cortecttd 
ID tbe following manner : — When it is necessary to con- 
duct the experiment in an atmosphere of a temperatUN 
much higher than S2°, let a secood calorimeter, iniB 
reqwcts similar to the Sttt, be provided, and let dir 
body under examination be introduced into one, wbik 
the other is kept empty. During tbe experiment Id 
tbe cover of each be removed and replaced at the tinK 
moments, so as to expose the ice which they respectivdf 
contain in the same manner to the exterior atmospheW 
The evaporation from the receiver R will be tbe miie 
in both cases, and will produce the same effects apM 
the ice contained in the two calorimeters. Now, in Ac 
calorimeter which contains the body under exatniDation, 
the liquefaction will be protluced pertly by the heal 
given out by the body, and partly by the eftecl of the 
esterfor air, but in the calorimeter which does not con- 
tun Uw body, the UquefaclJon will he produced hjr tiff 
«Sbcta of (he exii:mal air alone. Water will be dep9- 
Ec ^ vnw in (be uIotinicTlcr hat bat 
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Kited in both the receivers r the water in the receiver 
attached to the calorimeter which does not cuQtain the 
body will be that which is produced by the effects of 
■die external atmoBjihere, and by the vapour risinf; 
from the receiver ; while the water collected in the re- 
eaver of the calorimeter containing the body will be 
produced by the combined effect of the exterior atmo- 
sphere, and vapour from the receiver and the heat given 
out by the body mider examination. If the weight of 
water in the one receiver be subtracted from the weight 
of water in the other, the remainder will then be the 
actual liquefaction produced by the body under ex- 
periment. 

It may be objected, that the whole r]uai:fity of ice 
liquefied by the body introduced into the third vessel, 
will not- be contained in die receiver R, for that a non- 
mderable portion will adhere to the particles of ice in 
3> which wdl not fall through the pipe of discharge. 
This lossj however, is compeasated by the circumstance, 
-liut at the commencement of the experiment an equal 
^untity of water adheres to the paKicles of ice in B, bo 
that the total <iuantity discharged, though not identic 
cally the water produced by liquefaction during the 
experiment, is equal to it. 

It has been also objected, that when the body intro- 
duced in C has arrived at the temperature of 32°, the 
last portion of ice melted by it will again freeze before 
it reaches the vessel R. This objection can only, I 
oonceive, apply to a portion equal to that which, at the 
commencement of the experiment, was contained among 
Ibe ice in B in the liquid state. The condition that 
the ice in B shall be in the process of fusion when the 
experiment commences, is therefore necessary for the 
accuracy of the result. 

We shall now proceed to explain the method of 
using this ingenious apparatus, for the purpose of de- 
termining the quantity of heat necessary for the pro. 
duction of the different phenomena which have been 
deMiibed in the preceding chapters. 



I 



\V'lieii it is requiriHl to determine the quantity af 
heat neceBEsry to raise the temperature of a solid boij 
to any given point on the theimometric scale above 32 , 
to any other given poinij the solid body h first railed W 
the highei' point of Eemperatiire, and then intrixfiieed 
into the calorimeter. Being placed in C, and tht 
covers closed, it imparts its heat to the Eurrounding lee, 
and commences iU fu»ion, which continues until the 
iolid has fallen to the temperature of 32°. The witei 
which has then passed into the receiver R is accurately 
weighed. The solid is now removed, and raised to tbc 
lower point of temperature, and again introduced into 
C'. It is in like manner allowed to cool in the calori- 
meter until the water ceases to flow into the vessel B, 
when it will have arrived again at the temperature of 
32°; the water in R is then weighed. The two quan- 
tities of water thi;; obtained are, respectively, the quan- 
tilies mel[e<l by the heat which the iron gives out in 
cooling from the two proposed points of temperature to 
32°, and, therefore, represents the quantity of hcM 
which would be necessary to raise the solid from 32° 
to the two temperatures respectively. The difiereOM 
between these two quantities of water will therefore 
express the quantity of heat necessary to raise the solid ' 
ftt)in the one temperature to the otlier. 'i'hus, for ei- 
arople, let a mass of iron be introduced into the ca. 
lorimeter at 100° temjierature, and in jooUng to Si" 
an ounce of water is discharged into the receiver IL II 
the same mass of ice is i^n introduced at the temper. 
ature of 80°, and being cooled to 32°, half an ounce <lf 
water is discharged into the vessel H ; then the heat 
necessary to raise the iron from 80° to 100° of temper- 
ature wiil he tliat which would melt half an ounce of ice. 

If the calorimeter be used lo determine the best 
necessary lo raise a liquid from any one point of tem- 
perature to any other, the experiment must be con- 
ducted ilifferenlly, since a vessel, must be introdnccd 
containing the liquid. In this case, the effect of the 
vessel must be first SMevtuneft., 'n\a<^ \& ^ooaiallit' 



manner above stated. The vessel being empty, is raised I 
lo the two proposed points of temperature, and the ^ 
quantity of heat necessary to raise it £rom one point lo- ' 
the other is ascertained hy the method explained above. 
The liquid is now introduced into the vessel at the 
higher point of t*ra]>erature, and the vessel containing 
it placed in the calorimeter. When the water ceases to 
&ayr into the vessel R, it is weighed, and we thus 
obbun the quantity of ice melted by the vessel con- 
taining the liquid, and the liquid itself in cooling from 
the higher point of temperature to 32°. 'I'he same 
experiment is repeated, introducing the vessel with the 
liquid at the luwer point of temperature ; and the 
quantity of heat dismissed by the vessel in cooling from 
that point to S'i' is, iu Uke manner, obtained by weigh- 
ing the water discharged into R. The difference 
between the weights of the water discharged in the 
two cases gives the quantity of heat necessary to raise , 
tile vessel and the hquid it contains from the one point 
of temperature to the other. If the heat necessary ta 
nise the vessel alone through this range of temperature 
be Bubducted, the remainder will be the heat consumetl 
in raising the liquid between the proposed points of 
temperature. 

We have here proceeded on the supposition that 
ihe point of congelation of the liquid is not contained 
between the two proposed points of temperature ; for if 
that were the case, then the quantity of heat coneumed in 
raising tlie liquid from the one point to the'othet would 
include also the latent heat given out in the process of 
congelation. If, however, die point of congelation be 
below the lower point of temperature in question, 
then the result will still represent the quantity of heat 
necessary to raise the liquid from the one temperature 
to the odier; for tile latent heat given out in congelatioi) 
will equally increase the quantity of ice melted in both 
experiments, and wiU therefore not affect the difference 
of these quantities. 
,,. Xf the freeziag poial of a liquid be ^ovn., Ko^. 'bt& 
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through the vessel B, bo that one end of the tube may 
receive the gas at a known temperaturej and that the 
gas ma; issue at the other end after passing through 
tbe calorimeter, where its temperature may be agun 
observed. The difference between the temperature of 
the gaa, in entering at one end and issuing from the other, 
will give the number of degrees of heat wliich it has 
given out while in the calorimeter ; and the quantity of 
ice melted, will measure the quantity of heat neceasary 
to raise the gas from the one temperature to tile other. 
Other and more accurate methods, however, have been 
adopted for the determination of such queitiona with 
leipect to gases, which we shaE hereafter describe. 

By such means, the quantities of heet necessary to 
taiae difieregt bodies through the same range of tem- 
perature may be compared ; and such a comparison pre- 
■enta tbe remarkable fact, that eueiw/ liifferent body re~ 
fiiirw a ilijvriiil quantity of heat, (u produce ia it ike 
tame changi of femperatUTt. Thus, if an experiment 
be instituted on equal weights of iron and lead, it will 
be found that the quantities of heat necessary to raise 
them from any one point of temperature to another will 
be different ; the iron requiring a greater quantity of 
beat than the lead to produce the same change of tem~ 
perature, in the proportion oF very nearly 11 to 3. 
If a bar of iron, in faUing from 100° to flS", melt 
ll pains of ice, then a bar of lead of equal weight, 
under like circumstances, would melt rather less than 
three grains. Heat, therefore, is more effective in 
wuming lead than iron. 

Again, if an ounce of mercury and an ounce of water 
be exposed in the calorimeter, it will be found that in 
Ailing from 60° to 55' they will melt quantities of ice 
in the proportion of 33 to 1000, or very nearly 1 to 
30; that is, to raise water from 5.5° to 60° requires 
■ greater quantity of heat than to raise an equal weight 
of mercury through the same range of temperature, in 
the proportion of .10 to 1. 

. The quantity of heat necessary to produce the same 
.8,* 
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diBitge of temperature on different nrights of the «aae 
body is found, as might be expected, to be proportion^ 
la the weights. Thus, to produce a given change of 
temperature on two ounces of water requires twice u 
much heat as would be necessary to produce the Eune 
change of temperature on one ounce of water ; and ibe 
■ame principle extends to all bwlies, provided that the 
two quantities be in exactly the same state. 

1 1 appears, therefore, that to produce the same in. 
crease of temperature on different bodies requires ilif- 
ferent additions of heat, just in the same way as U 
produce the same change of weif^ht in different bodies 
tequirea different additional bulks of matter. As ibi 
comparative weights of equal bulks of matter form a 
important physical character, by which different specie* 
of body are distinguished, under the denomi nation of 
specific weight, or upttyifir gravity, so the relative quan- 
tities of heat necessary to produce the same change of 
temperature in different bodies forms a like distJsetin 
{diysiCBl character, and is expressed by the analogoot 
term, ipedfic heat. When different bodies are said to 
have different specific heats, it is meant, therefore, tlul < 
they require different quantities of heat to be commO- 
nicated to them, to produce in them the same change of 
temperature. If the specific heat of one body be dooUc 
tile specific heat of another, that body will require double 
the quantity of beat to be communicated to it, to cauK 
it to undergo the same increase of temperature. 

'I'he expression, capacity for heal, is also commonly 
used in nearly the same sense as specific heat. A body 
is said to have a greater or Ices capacity for heat, t~ 
cording as it requires a greater or a less quantity tf 
heat to produce in it a given change of temperature. 
has a greater capacity for heat (Jiail mcr- 

the specific heats of bodies be expressed numeti- 
' tabulated hke their specific gravities, it i* 
convenient that some standard should be 
I form the unit of the table. '. 
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efamen for this purpose is the same as that which is 
adopted for the table of specific gravity. The specific 
heat of water is taken as the unit to which all other 
ispecilic hoata are referred. The quantity of ice which 
water would melt in falling through 1^ of temperature 
being expressed by 1, then the quantity which other 
bodies would melt in falling through 1° of temper- 
atare being expressed by numbers bearing the same 
[«t)[)ortioii to 1 as the quantities of ice melted do to 
that which is melted by water, these immbers will 
be the specific heats of the body ; or if the quantity 
melted by water be expresEed by 1000, then the quan- 
titiei melted by other bodies may be generally expreeeed 
1^ whole numbers. 

, The specific heat of water being itself the standard 
of all others, it is important that it should be deter- 
mitied with accuracy. If a pound of water be intro- 
duced into the calorimeter at tile temperature of 17S°, 
it will be found to liquefy exactly one pound of ice in 
ftOing to 32'^. Hence we infer, what has been already 
explained elsewhere, that as much heat is necessary to 
raise water from 3a° to 172°, as is sufficient to melt 
■n equal weight of ice. If it be assumed that through- 
out this range of temperature the quantity of heat 
necessary to raise the water throu|i:h each degree of 
temperature is the same, then, by dividing the whole 
quantity of ice melted by 140, the quantity will be 
found which is melted by water in falling through 1° 
of temperature. This (quantity will, tlierefore, be the 
specific heat of water, and will be the unit of the table. 

A table of the specific heats of different bodies will 
be found in the appendix." 

One of the most striking results of this table Is the 
Tery small specific heat of mercury. This circum- 
stance rentiers that liquid eminently fitted for a thcr- 
momeler. Ii appears that, compared with water, the 
ipwntity of heat necessary to raise it through 1" is in 
die proportion of 1 to 30. Since, therefore, a small 



qoantll; of hesl produces so great a comparative (Sen 
on the mercury, its sensibility is proportionally gretl, 
and a alight change in the energy of tkis physicB] agent 
produces a considerable effect on the mercurial ther. 



Water, on the other hand, has a greater specific heat, 
I lea sen^ability to heat, than almost any other 
'a the liquid or Eolid form : the animal fluidi 
mmr nearest to it. Of acids and alkalies, the spedfie 
heat of Tintfiar a little leas. The specific heat of saline 
solutioas is generally high, and, in some cases, very 
tittle under that of water ; but most simple Bubatancci 
in tbe solid and liquid slate are con^derably less in thdi 
sfemSt beat. 

Haling detenniiied that di&reni liquids haTediSbroit 
^Wdfic beats, we are next led to enquire whether the 
Mine body, in diBbfcnt states, has the same capacity for 
bfX i because dus qtiesticio involves another, wMck 
afltcis almost all experiniental enquiries concerning hea^ 
~ L whedier Ae tbennometer is equally affected by faetl 
wbcde estMit of its scale. 

s insiitnteil by Du Long and Petil, 
a of the more early conjectures of 
Ddies, as they increase in tempeiano^ 
1 sli^l degree, in their capacity for 
iftX. Tbey found, for example, that the medium ape. 
cilk heat of metcoTy, between 33° and Sl^^ wai ex. 
pMved by S3, diat of water bdng 1000; while dtf 
SM^uu ^e«ifie beat of (be same fluid, between 913° 
MhI 4!PiK was exfrnsacd t^ 35. A similar result wh 
•bniMd fcr WMDS odMC substances ; and, so bi » 
ibM» nferiments can be relied upon, it may be a*- 
sMmed dial all faadies whatever undei^ an increase in 
divir sprciAc heat as tfanr tnnpetaiute is elevated. 

Withiu ibe limits of ibecotmnon thermomelric scal^ 
the cpecHk beat of meftury may be regarded, withoal 
«4uihte error, as cawtaat ; and even when that fluid ii 
taisrd ttrarty W ib botUag paiat, its specific beat ud- 
•~ '- • .J which may in mail 



eUM be neglected, bul, if iiecessary, is easily alloweil 

tat. 

Other methods, besides that which has been already 
^[plained, have been adopted by different philosophers, 
to determine the specific heats of different bodies, and 
t0 decide the question whether the same body, at dif- 
ferent temperatures, has the same specific heat. 

If «qual weights of water, at different temperatures, 
be mixed together, the mixture will, as may be ex- 
pected, take an inlermediale temperature. Let us snp- 
pose that a pound of water at the temperature of S00° 
be mixed with a pound of water at the temperature of 
100'' ; the pmmd of water at the higher temperature 
will imparl a partioti of its heat to the pound at the 
lower temperature; and, if the specific heats of the two 
portions be equal, it will require exactly as much heat 
to raise the pound of water at 100° to the temperature 
of 150", as would he necessary to raise another pound 
of water from 150" to aOC. Consequently, the pound 
of water at 200°, in falling to 150°, will lose exactly aa 
much heat as would be necessary to raise the pound of 
i^ter at 100° to 150°; but the heat which it dius loses 
is Imparted to the pound of water at 100^, and, conse- 
qorailly, raises that to 150°. Thus, assuming that the 
■pecifie heats of the two pounds of Uquid are the same, 
ibe mixture ought to have the temperature of 1 50° ; and 
it is found to have this temperature, very nearly, l)y ex. 
periment. If this experiment be repeated at different 
temperatures, it wiU be found invariably lo give the 
same restdt. Thus, equal weights of water at 1S0° and 
140° mixed together, will give a temperature of IbO", 
being the mean between the two former. 

Now, let us suppose that these results had been dif- 
ferent. Por example, if a pound of water. A, at yOO°, 
mixed with a pound of water, B, at 100°, gave a mix. 
Ure having a temperature of 1 40 , it is evident that the 
pound of water, A, would have lost 60° of its temper- 
ature, and must have imparted to the pound of water, 
B> ■» loucb heat as would be necessary lo raise the A 



from 140~ to 300° ; yel this quantity of heat has only 
raised the other pound of water, B, of 100°, to 140°. 
Il would therefore follow, that the specific heat of water 
from 100 to 140^ would be greater than the spei^i: 
beat of water from 140° to ^00°, in the proportion of 
f>0 to 40, ^ppoeint! the spedlic heat throughout each 
miffi of temperature to be uniform. 

AVhat we bare here supposed to take place with two 
portions of water at difierent temperatures, does actuallj 
happen with two itiSerent liquids. Let a pound of 
water at the temperature of 135i°, he mixed with a 
pound of mercury at the temperature of 32°, and let 
them be agitated tt^ether in the same vessel until Aey 
■ic reduced to the same temperature. This temperatsn 
will be found to be IS2" : thus, the pound of water lua 
lost 3j° of lis temperature, and the mercury has le* 
cdTed 100°. It follows, therefore, that the same qnis- 
lity of heat which a pound of water loses in cooling 
ihrough Sjf^ of the thennometric scale, would raise t 
pound of mercury through 100° of it Hence the same 
quantity of heat which will raise a pound of water 
duxHigfa 3 1° of temperature, will raise a pouud of mei- 
cnry through 100° ; and the specific hcatB of these twc 
eabslances are, therefore, in the ratio of 3 '- to 100, or 
of 1 K>30. 

The general rule, therefore, deducible from this Rt- 
soniu^. by which ihe specific heats of bodies may tie 
determineil by mixing equal weights at dificrent tem' 
peratures, may thus be expressed : — " Specific heats 
•R to each other in the same proportion as the dif- 
tVirnces between the common temperature of a mixture, 
and the temperatures of the two substances before hoBf 

It ia not neMSsary. however, that equal weights of 

die substances should be mixed : by a slight modificatiaii 

' B lule, requiring some additional calculatioi), the 

'e heats may be deduced hy mixing the quantitia 

K at ihfierent temperatures in any given propor- 

j That ezperimeals performed by this malluid 




should (•ive accurate restdlG^ it is tiecesEary that tile 
quantity of heat abatracted or coitimunicaled hj the 
ressel in which the experiment is made Ehould be al- 
lowed for. If the temperature of the veBse! before 
the mixture be greater tlian the common temperature 
after it, the vesEel will rise to the same temperature lu 
that of the mixture, and, in doing so, will receive hest 
from its contents ; and if tile temperatlire of the vetael 
be greater than that of the mixture, the opposite efects \ 
will take place : the actual temperature of the mixture 
will, therefore, in the one case be lower, and in the 
other case higher, than that which it should have, and 
this difierence must be allowed for. It is necesBary, 
also, to take into account the heat which may be lost or ' 
gained in the progress of the experiment by radiation, j 
The first correction may be made, if the specific heat of 
the vessel conlMning the mixture be known ; but the I 
■eeond is extremely uncertain, and a source of inaccuracy ' 
not easily removed. 

The following method of determining the specific 
heats of bodies was suggested by Dr. fiJack and pro- 
fessor Meyer, snd eubeequently practised by professor 
Leslie and others : — Let tlie bodies, whose relative 
specific heats are sought, be formed into equal globes, 
and raised to the same temperature ; let them then be ' 
suspended in a cold room, and let the times be observed 
in which each will cool through the same number of 
d^rees. It is aBSumed, that the quantity of heat which ' 
they lose is proportional to the time in which it is lost; 
■nd, therefore, that if one body lakes twenty minutes 
to cool through 10''. while the other cools through 10° 
in ten minutes, the one loses twice as much heat as the 
other in falling through the same number of degrees, 
and would require, to raise it through the same range of 
temperature, a <louble quantity of beat. 

But the two bodies in this case will necessarily have 

(tiffetent weights ; and, therefore, the quantities of heat 

which they.loEe, will not be in the same proportion as 

i-^Adr- qiecific heits. It will be necessary to determine i 
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what proportion is lofll by tqnal weiohta of the bodies: 
ihis, however, may be deli^nnined by calcuIatioD, if the 
specific gravidee of the body be known ; and the melhod 
will be eaiiJy understood by the following example: — 
Suppose that one of the equal globes. A, wdgtu 
Aree pounds, and ihe otbei, B, fonr pounds, and thlt 
A loses twice as much heat as B ; one pound weight of 
the body A loeeB one third of the heal lost by A itself, 
while one pounil weight of B loses one fourth of the belt 
lost by tlic body B. But the heat lost by the two bodkt 
are in the proportion of two to one ; and, therefure, Ibe 
heat lost by the pound of A will bear to the best IhI 
by the pound of B the proportion of tivo thirds bKue 
fourth, and this will be the proportion of their spedfie 
heats. The general rule is, therefore, to divide At 
numbers representing the times of cooling through iht 
Htne number of degrees, by the numbers which repK- 
•ent the specific gravities of the bodies, and the qoD' 
tlents will be in the proportion of the specilic heats. 

This method of determining the specific heals of 
bodies depends altogether on the assumption that hm 
is disposed to quit all bodies whatever with the smie 
Telocity, otherwise the time of cooling would not bea 
measure of the heat lost in comparing two diffintit 
bodies together. Now, this assumption is far from bciif 
telf evident ; and, accordingly, the method of deta. 
mining the specific beats of bodies founded on it, cu 
only be received as a corroboration of the specific heab 
determined by other methods. In this respect, howevR, 
the experiments on cooling are useful not only in colu 
firming the specific heats found by other means, bat 
also in establiabing the fact, by that coincidence, diit 
difitrent bodies under the same circumstances do co^ 
at the same rate. Experiments to determine the spedflc 
heats of metal, wood, and liquids, have been mode in 
this way, and their reaultg agree with those obtuned bj 
methods. 

e extreme slowness with which bodies in (he 
,«eriform state receive and port with heat, and die,di& i 
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ficolty of exposing sufficiently large ffiSESes of highly 
attenuated fluids to the uniform action of any regular 
&nd measurable source of heat, greatly ohBtrucM the 
solution of the problem for the lietennination of the 
Bpecilic heats of gaEcs. One of the earliest experiment - 
era on this suhjecC was Crawfurd ; but, although the 
principles which he adopted in his investigations were 
not salgeci to objection, yet there were circumstances 
attending the details of them which must remove all 
confidence in their results. 

There are two ways in ivhich the specific heala of 
gases may be considered ; — laL The quantity of gas, 
having a given elastic force, hoing confined within a 
given volume so as to be prevented from expanding or 
enla^ng its dimensions, the specific heat of the gss 
may he defined by the quantity of "heat necessary to 
mse the given volume of gas, under such eirenmstances, 
1° of the thermometer. 2d. A given volume of gas 
may he enclosed in a vessel under a given pressure, and 
when heat k applied to it it may he allowed to expand 
under that pressure The Epecific heat may, in this 
case, be defined to be that quantity of heat which would 
be necessary to raise the mass of gas 1° in terape ratine, 
whQe it is thus allowed to expand under a given prea- 
nire.. Now if the expansion of the gas did not change 
I die efiect which heat apphcd to it would produce on iU 
temperature, then these two methods would be attended 
vri& the same results. £ut such is not the case, at 
least 10 far as experiments can be reUed upon ; and, at 
all events, it is plain that we cannot aesume that the 
quantities of lieat necessary to produce these two efiectp 
are equal ; consequently, the specific heat of gases has 
been taken in [wo senses, and has been examined by 
some experimenters in both ways, viz. the specific heat 
of gas confined within a given volume, and its specific 
heat under a given pressure. 

It may ba naturally asked, why the sai 
not appheable to bodies in the solid and Hquid, 
1 the gaseous form. If b;tlii;s in the.BoUd and liquid. 
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Btates Bilmitted nf being confinerl bj' any attainable prei- 
Bure, ao as lo be preveolcd from eKpandlDg or en. 
larging their dimenaioiis, while tbeir tetnj>eraiure it 
raieef), then such dislincdon nould be useful, and il 
would probably be found that the specific heaW of bo- 
diea in these statea would be different under the two 
diatinnt conditiona. Indeed the fact that eolids by aaU' 
presaion undergo an increase of temperature would lead 
us to expect that any resistance to their exiiansian bf 
beat communicated would cause that heal to have t 
greater effect on their temperature than if their expan. 
sion were unresisted. 

M. Gay Lussac made experiments with a view U 
determine the speciflc heats of a few of the gasee am- 
. fined within a given volume, and he was led, in the fin! 
instance, to the inference tliat iheir specific heats ttere 
equal. This conjecture, however, was subsequenllj' 
•baniioned. Leslie examined the specific heats of hj- 
drogen and atmospheric air, and inferred their eqnj. 
ity. Dalton also conatructwi a table of the specific hctli 
of gases, deduced from theoretical views ; which, hnw 
ever, is not found to be confirmed by experience. 

In this state of uncertainty respecting the spedfif 
heats of gasee, the French Institute proposed a prixe ftr 
experiments on this subject, wliich led MM. de la Bodie 
and Berard to undertake a set of experimenls, litett- 
Bults of which were published in 1813. These expeli- 
ments were conducted with great care, in the laboraWy 
of the celebrated Berthollet. The method adopted 1^ 
these philosophers to determine the specific heats of tlul 
gases was the following : -^~ 

The gaseous Iwdy under examination was confined in 
a gasometer, and maintained there at tlie temperature of 
212°, and under a given pressure. K^ual volumes of 
the several gases and vapours, at this temjieratuie, yen 
forced through a worm, the spires of which paasol 
through a vessel containing water at a known temjKi- 
ature. The gases, in passing through the worm, com- 
municated the excess of their temperature to iJie KMtf 



CnAF. SI. SPECIFK HBAT. 273 

through which the worm circutaleil, and issued into the 
atmosjihere at the temperature of the water. Each cur- 
rent of gas, therefore, raised the water to a certain 
point, where it at length remained fixed. This hap- 
pened as soon as the water, at each instant, received 
from the current of gas passing through it as much 
beateiaetiy as it imparted to the surrounding sir, Aa 
the experiments were conducted within the limits of the 
thermometric scale, the heat thus lost was proportional 
to the excess of the temperature of the water above that 
of the air; consequently, the heat communicated by the 
gas to the water was also proportional to this excess. 
Supposing the air in the apartment to be maintained at 
a fixed temperature, the excess of the temperature to 
which each gas raised the water above the fixed temper. 
ftture of the air would then be proportional to the 
quantity of heat communicated by each gas to the 
water, and consequently proportional to the specific 
heat of the different gases, in equal volumes and under 
the same pressure. 

There are many minute particulars to be attended to 
in order to ensure the accuracy of these delicate ex. 
periments. But it woidd not be consistent with the 
olgect of the present treatise to enter into any statement 
itf these. The results of the experiments of MM. de 
la Roche and Berard will be found in the table of spe- 
cific heats of bodies in the Appendix. 

One obvious source of error in the experiments of 
MM. de la Roche and Berard was the fact that the 
gasea which they examined were charged with vapour. 
If the different gases were so charged with vapour as to 
produce like effects on their specific heats, this source 
of error would not be material so far as it might affect 
the relative values of their specific heats compared one 
with Another ; but it may be considered as certain that 
the gases under experiment were not equally chained 
with vapour ; ami, therefore, so far as this was a 
Bouree of error, the results of these experiments must be 
Mtiaidered inexact. This drcumatance led Mr, Hay' 
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' craft to repeat tlie Eame experiments on s. cerlun nnnu 
ber of the gasea in a dry state. The experiment* rf 
"gycraft were conducted, fur the moat part, in I 
r similar to that adopted hy MM. de la Kodie 
and Jterard, and the result of tt.em shows, that ibe 
■pecitic heatB of equal volumes of the gas having eqnd 
' preaaures, and confioed within a given space, were die 
I lame ; and hence it would follow chat for equal wQ^t* 
'.e specific heats are inversely as the specific gravitio. 
The uncertainty still attending this subject indneed 
MM. de la Rive and F. Marcet to undertake once utett 
theK exj«rimental investigations ; and the reaulla of 
tbeir enquiries were read before the Geneveee aodetf 
'a April, 1827. In examining the process adopted 1^ 
MM. de la Roche and Berard, they considered it to 
be subject to several sources of error. When the gu 
u passed through their calorimeter it contracted in 
e process of cooling, and not only dismissed the heat 
hy which its temperature was previously raised, but alsu, 
by such contraction, disengaged that portion of heit 
which experience proves that compression always pro- 
duces in gasea. The quantity, therefore, which MM. 
de la Roche and Berard took to represent the spedSc 
heats was a compound quantity, one part of which wm 
the true specific heat, and the other that portion of heat 
developed by the contraction of the gas. The quantity 
of heat indicated by these experiments be the apedSe 
heat also depended on the diiferenC conducting powen 
of the different gases; and a further source of error 
arose from the fact that the thermometer used in thew 
experiments was as much aftecled by the radiant but 
of surrounding bodies as by the temperature of the gu 
in which it was placed. 

The experiments of MM. de U Rive and MarMl 
were conducted in txie following manner : — 

A thin globe of glass was filled with each of dw 
gasea, in a dry state, and with the same elastic force- 
Tlie neck of this globe, having a stop-cock, i 
fikted wilb » mercurial gaugCj by which the c 



the presEUie, or elsBtii: force of the gas, was indicated 
by the change produced in the height of the column of 
mercury which was interposed between it and the at- 
tnospheric pressure. The difference between the heights 
of two such columoB, one pressed upon hj the gas, and 
ihe other hy the atmosphere, always indicated the diSer- 
eQce of their pressure. The temperature of the gas, 
utd its pressure at the commencement of the proceM, 
being laioim, its change of temperature was thus Uhe- 
wise indicated by its change of elastic pressure, and it 
became its own thermometer. The glass glohe waa 
■urroiuided by another globe of metal considerably 
gresl«r in size, and blackened on its inner surface to in- 
crease its radiating power. The space Ijetween these 
two globes was well exhausted of air hy a good pump, 
BO that the globe containing the gas received heat only by 
radiation from the black spherical surface surrounding 
it on every side. The metal globe was now immersed 
in « bath of water, at a known temperature, and which 
remained for the space of five minutes thus immersed, 
the blackened surface, on the inside of the globe, ra- 
diating heat during tiiat time on the body of gas within 
it. The efi'ect produced on the column of mercury, by , 
the increase of elasticity in the gas, was noted. This 
experiment was repealed with fourteen different gases, 
and the result was, that all the gases were equally 
affected by the same source of heat, acting for the sarae 
time, the mercury being equally depressed in the tnlw 
in every experiment. Hence it was inferred that the 
■pedfic heat of the same voltmie of all the gases, while 
under the same pressure, was the same ; a result which I 
ig perfectly in accordance with that previously obtained ] 
by Mr. Ilaycraft, for a more limited number of pses. 
Hence it would follow, that the specific heats of all 
gases, for equal weights, are inversely as their specific 
gravities.* 

LhaE the heal is imudrled tQ ttii: sate* ultOH^hcr by cnndkiclinn 
MIIMH Ihmfttbliidmiracaaf tin nicnmiidiBi iliM of O 



The method adopted by Dr. Blacli, who first die. 
covered the tan that heal was absorbed, or became 
lumt. daring the process of liqnefactioD, for the deier- 
tntnina'ioD of the tjuanlily oi' heal which was thus 
rijsorbed in the fusion of different subatances, was 
mubjgoaa to the method of mixture already explained 
fiw (he determination of specific heat, A given weight 
of a solid snbetance was mixed with an equal weight of 
the Mine body;, in the Uquid stated at a higher leinper. 
Mule : ami it was a^oertained to what temperature the 
lii(Uid should be raised, in order that, in coaling down 
(o the freeiii^ point, it should completely melt the 
mtid. The number of degrees through which it vu 
cooteil expressed the quantity of heat which bectme 
Ulenl in the process. The method ailopted by Li- 
plsce, for the same purpose, was the calorimeter alreuly 
ikscribed. The results of these two methods, in de- 
termining the beat which became latent in the tique. 
fkctiun of ice, aSbrd a strong proof of the accuracy of 
Mch by their near correspondence. According to the 
method of I>r. Black, water absorbs, in freeiing, abotil 
140' of heal, and other philosophers give a greiKT 
quanlily ; but the experiments on this subject, whidi 
•K most entitled to reliance for accuracy, are those of 
I^VDisier Nnd Laplace, who have determined that the 
keat absorbed in the liquefaction of water amounts to 
135", Dr. Black also determined the heal absorbed 
by other stibsiances, as follows: — Spermaceti 148°, 
beet' wa\ 17^°. and tin ^00^. The melting points of 
thrae bodies are, respectively, 13:j°, 140', and 449°- 
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From these, and other results, it appears, that the 
liigher the point of fusion ia on the thermometric Bcale 
the greater will be the quantity of heat ahaorhed in 
liqutifaction. No proportion is, however, maintBined 
between lliese effects ; for it is frequently observed 
that the distance between the points of funion on the 
scale is very considerable, when the ditferenee between 
the quantities of heat absorbed in fusion is very smaU. 
Thus ice and Epermaeeti melt at 32° and 133", yet the 
qtiantiCie; of heat absorbed in the fusion of equal 
weights of these substances are nearly equal. 

As the specific heals of all sohds and lii(uiilfl are 
referred to that of pure water as a standard, so the 
specific heats of all gases are referred to that of atmo. 
spheric air, under the same pressure. Hence to be 
enabled to compare the specific heats of gases with 
those of liquids and solids, it will be necessary to ex- 
press the relation between the specific heats of the two 
standards to which each class of bodies is referred. It 
has been ascertained by the experiments of fierard and 
De la Roche, that the specific heat of water is 3-846 
times greater than that of air, the two bodies, as usual, 
being compared in equal weights. The numbers in 
the table of the specific heats of gases must, therefore, 
be severally divided by S'liiti, in order to be compared 
with those in a table of the Epecihc heats of solids and 
liquids. If this previous reduction be made, then the 
specific heats of all may be referred lo that of water as a 
standard. 

The only body whose specific heat has been deter- 
mined in all the three stales of solid, liquid, and vapour, 
has been water. The specific heat of water being 1000, 
that of ice, according to Irvine, is 800, and according 
to Crawfurd, 900. The experiments of De la Roche 
and Berard give 847 as the specific heat of s 
Taking a mean of the results of Irvine and Crawfurd, 
it would then follow, if these experiments can be 
trusted, that the specific heats of water in the solid and 
□e, being, in each case, fifteen 
r 3 



hunilreilths iess than ils Epecittc heal In the liquid 

The specific heat of water is g^reeter than that of anj 
other known liquid ; anil it is generally found th»t, in 
proportion as water is mixed with any other liquid, the 
specific heat of the mixture is increased. Metals gene- 
rslly have a lower specific heal than other bodiea, and 
therefore hsve a greater degree of sensibilily as raeasum 
of tem[>erature. 

When the density of a hody is increased by me- 
chanica! compression, its temperature is observed to 
rise, though no heat is imparted to it from any estenul 
source; and, on the other hand, if ils density be 
diminished, its temperature will fall. Such effects haw 
been generally ascribed to a change in the specific heit 
of the body, arising from the change of its density. 
After compression, the body contains the same abBS- 
iMe quantity of heat as before, but its specific heat being 
diminiehed, this quantity is capable of raising it to a 
higher temperature ; and, on the other hand, when itit 
rarefied by being allowed to expand into a larger spae*, 
it still contains the same quantity of heat; but its spe. 
dfic heat being increased, this quantity is not capiMe 
of raising it to the same temperature, consequently lb 
temperature is diminished. These effects are manifested 
in bodies of different forms, according lo the facility 
which they afford for mechanical compression and rare- 
faction. In gases the temperature may be increased ei 
diminished to a very great extent, because they are bm- 
ceptible of almost unlimited compression and rarefacfian. 
In sohds the effect is more difficult to be produced, hm 
atill it ia manifested when malleable bodies are ham- 
mered ; they are then reduced in their dimensions, and 
the same quantity of heal which before gave tbem * 
cert^n temperature, is now capable of raising them to i 
higher temperature. We find, accordingly, that metals 
may he rendered red liot by mere hammering, with- 

t imparting to them any additional heat. 

Thete efke^ are sometimes ascribed to the aba 
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I or evolution of latent heat, and sometimes to the in- 

r diminished capacity for heat. It is said that 

I the quantity of latent heat contained in air at a greater 

I density ie less than that which it is capable of contain- 

I ing when rarefied or ex|isnded, and that, therefore, by 

I compresBion a portion of the heat latent in it has be- 

I come Eensible, and increases ita temperature ; and, on 

I the other hand, by rarefaction an increased quantity of 

latent heat is necessary, and that this latent heat is ne- 

Ceasarily withdrawn from its sensible heat, and, there- 

fijre, its temperature (alls. Which of the two methoda 

of expressing the fact is the more correct can only be 

decided by experiment on the specific heat of the same 

' body in different states of density. 

Some experiments were made to determine this point 
by MM, de la Rive and Marcet. They introduced into 
the thin glass vessel already described atmospheric air 
in different states of density, and they found that when 
introduced in the more rarefied slates the same source 
of heat produced a greater increase of temperature, 
though not in the ratio in which the air was rarefied. 
Hence it follows, that the specific heat of air exposed in 
a given volume diminishes as it is rarefied ; but since it 
does not diminiah in the same proportion aa it is rarefied, 
it follows, that the specific heat of a given weight of air 
is greater the more rarefied it is. A given quantity of 
heat, therefore, will produce a less increase of temper- 
ature on a given weight of rarefied air, but a greater in- 
ereaae of temperature on a given bulk of it. 

The same result was obtained when hydrogen, 
olifiant, and carbonic acid gas were submitted U like 
experiments. The temperature of equal volumes was 
always more increased by tlie same supply of heat in 
the more rarefied state. 

The method of di^lermining the specific heat of bodiea, 
by mixing them together in the liquid state, is founded 
on the lupposition that in their mixture no chemical 
combination takes place which disturbs the relation 
between the specific heat which the bodies have when 
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existing separately. Such a supposition, however, it 
not compatible with the general results of experience 
and observation. Like other qualities of the coufititnenti 
in such a rombination theii specific heats are modified, 
and the compound is generally found to have a ieu spe- 
cific heat than that which it should have by the method 
of calculation which baa been explained in page S69- 
M'hen the chemical conibination of two liquids is thus, 
as it is almost invariably, accompanied by a diminution 
in the specific heat of die compound comparetl with that 
which it would be computed to have from the specific 
heats of its components, supposing it to be merely i 
mechanical mixture, two other effects are observed, 
viz. first, that the bulk of the miiiture is less than tb« 
sum of the hulks of the liquids mixed ; secondly, thai the 
temperature of the mixture is higher than the common 
temperature of the liquids mixed. 

Thus if a pint of water be mixed with a pint of 
sulphuric acid, the mixture will measure considerably 
less than a quart. The chemical attraction of the par- 
ticles, therefore, in such cases produces condensaljon, or 
brings them into a closer degree of proximity. In fact, 
condensation has been as effectually produced as it would 
be by the compression of air under a piston. If the 
lulphuric acid and water, at the moment of their mil- 
lure, be at a temperature of 57°, their mixture will have 
the temperature of 212°. This elevation of temperature 
may be accounted for in exactly the same manner » 
when bodies are compressed by mechanical force. 
The specific heat of the mixture being less than that 
which is due to its component parts, and the absolute 
quantity of heat contained in it not being diminished, 
^at quantity will raise the mixture to a much higher 
temperature than that which it should have if the spe- 
cific heat were unaltered. 

From such phenomena it was attempted by Dr. Irvine 
to determine the absolute quantity of heat which bodies 
*ii, or the number of thermoraetric degrees through 
they ahoidd be reduced, in order to be htanglU 
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A Btate of absolute cold. He reasoned in the follow- 
; manner : — Let water and sulphuiic acid be mixed 
(ether in euch proportions lliat the specific heat of 
! mixture shall be expreaaed by 57, supposing the 
S{>eci£c heats of the componentB not afiei^Ied by chemi- 
^ combination. But when actually combined, it is 
found that the specific heat of the compound instead of 
bdng 57 will be 52. A loss of specific heat has thus 
been sustained, amounting to about a tenth of the whole 
quantity. It was. found that the mixture acquired a 
temperature exceeding the common temperature of the 
component parts by 155". This increase of heat, there- 
I fore, arose from the diminished specilic heat, and con- 
I geqnently i 55^ must be considered as a tenth part of the 
whole heat contained in the mixture. This will be un- 
derstood from considering that a Riven quantity of heat 
has a power of communicating one tenth more d^[ree« of 
temperature to the mixture than it should have if no 
effect were produced by combination. Since, therefore, 
155 ' is a tenth of the whole heat contained in the mix- 
ture, 1550'^ must express the whole quantity of heat, the 
temperature before mixture being57"; and, consequently, 
the state of absolute cold would be 14.93° below zero. 
Dr. Irvine, however, fixed the point of absolute cold 
at 900° lielow zero. The fallacy of this reasoning will 
be understood from considering that it proceeds on the 
■asumpdon tliat the specific heat of the same body is 
the same at all temperatures. Now the experiments of 
MM. Dulong and Petit, so far as they can be relied 
upon, prove that thiaisnotthecaee, and Uiat, on the other 
hand, the specific heat decreases with the temperature. 
Such a calculadon, to be exact, would therefore require 
that the law of this decrease should be known, and that 
it should continue throughout the whole process of cool- 
ing to decrease by the same law. 

The expansion of high -pressure steam escaping from 
the safety valve alfords a remarkable instance that the 
aarae quantities of heat may give very different temper- 
1 body in different states of density. Steam 
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produced under a pressure of 35 atmospheres hiu ite 
temperature of HQ°. When such steam escapes into 
the atmosphere through the safety valve it tmdergaei ■ 
prodigious expansion, without losing anj of the tbw- 
lute quantity of heat which it orig;inaUy contaitwd, ind 
it undergoes a considerable fall in ita temperatore, tt 
will be proTed, if a tbennonieter be exposed to it In 
this case either its specific heat is diminished or id 
latent heat is increased at the expense of its sentiUe 
heat. I am aware of no experiments that have heeo 
made upon steam in difPerent states of density to deride 
whether its specific beat varies, and if so, in whit 

The circumstance that rarefied air has an increairi 
capacity for heat will account for the very low temper- 
atures which are known to exist in the higher i^om 
of the atmosphere. The lower strata of air hang 
pressed upon by the whole weight of air above than 
■re compressed in a proportional degree, and thdr 
specific heat is consequently decreased. As we aMend 
each stratum into which we pass is pressed by a le>» in- 
cumbent force than those below it, tiecauee it siulan 
a less weight of air above it. It is, therefore, in a nmt 
rarefied state in proportion as the pressure which it bub> 
tains is diminished. This effect becomes extremelf 
sensible when we ascend to any considerable height^ 
as has been manifested in ascents upon high mountain^ 
and in balloons. Upon these occasions the cold bn 
become so intense that the mercury in the thermonietet 
has been frozen. In tliese strata of air, which are M 
devated that their permanent temperature is below 3S°, 
water cannot continue in the liquid state ; it exJiM, 
therefore, in the form of ice or snow, and we accord- 
ingly find eternal snow deposited upon these parts of 
high mountains which exceed this limit of elevation. 

The position of that stratum of atmosphere which. 

by its elevation, has attained that degree of rarefaction 

L that reduces its temperature to 32" is called the Une of 

The position of this line is difittf 
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in different parts of tile earth, generally increasing in 
height as it approaches the equator, and falling in 
height as it approaches the poles. The line of perpe. 
tual snow at the equator is at an elevation of about 
14,760 perpendicular feet, while its height at North 
Cape, in latitude 7 1 ^°> is only SS^.S feet. Its position 
in Ihe Alps is at an elevation of 8220 feeL In Norway it 
Tftries from 2800 to 5500 feet acconUng to the latitude. 

In the same latitude, tinder different circumstances, 
that line is found at different elevations. On Mount 
Caucasus, in latitude 43^", its elevation is about 1 1,000 
feet, white, on the Pyrenees, in the same latitude, its 
elevation is only 8400 feet. It will hence appear, thai 
the fact of eternal snow being observed on ranges of 
mountains is no certain indication of their height, even 
though the latitude of the place should be known. 

It is found that an extensive table land has the effect 
of increasing the elevation of the line of perpetual show. 
In Mexico, in the latitude of 20", where there is an 
extensive plain at an elevation of 8000 feet above the 
level of the sea, the height of the snow line is nearlj' 
the same as at the equator. In the same manner in 
the Himalaya mountains, the snow Une is at a greater 
elevation than in other places of the same latitude. In 
Great Britain the hne of perpetual snow is above the 
top of the highest mountain. Its elevation in Scotland 
ia about 6500 feet. Consequently no mountain in these 
countries exhibits the phenomena of perpetual snow. 

No exact or satisfactory experiments have been made, 
to far as ] am informed, to determine the changes of 
temperature produced by change of density either in 
the permanent ^ases or in vapours. From some expe- 
riments of sir John Leslie it would appear that atmo- 
spheric air rarefied until its density was three fifths of 
its natural density, when sudiienly rfstored to the density 
of the external air acquired about 48° of temperature. 
Dalton obtained a similar result, finding, that if the 
density of air be suddenly doubled by compression its 



A nuthemalieal rule hsx been deriTcd b^ FdMab 
from fomuUe given by Laplace, b; shich dw du^a 
of lemperature corresponding lopvenchangeEof deiiHtjr 
■re expressed, but ] am not aware whether this fbnuuli 
hai been verified by esperimeot. 

The mechanical compression of the permanent gata 
becomes instnunenlal to their Uijuefaction, b}' being the 
means of increasing their lemperature u-ithout commu- 
nicating anj heat to them, and thuB facilitating the 
process by which heat may be extracleil from them. 
We have shown elsewhere, that if atmospheric sir, or 
any other gas, be a vapour, raised from a liquid which 
has Bubsequently received an increased supply of heal, 
all that increase of heat which it has received, afm 
taking the vaporous form, must be withdrawn from il 
before it can resume the liquid form. Now, if in 
specific heat be bo great, that notwithstanding all the 
heat communicated to it after taking the vaporous Ann 
it still has attained only the common temperature lit 
the globe, it is clear that it can only be restored to the 
vaporous form either by reducing its temperature to U 
immense extent by the application of freezing mistUH^ 
or by first raising its temperature by high degree! tt 
compression, and then allowing it lo fall to the tempei> 
ature of surraunding objects, or, finally, by comUidllg 
both these methods. Thus atmospheric ur, at the 
common temperature of 50°, compressed into a dimiib 
islied bulk in the proportion of 10,000 U> 3, its tenk 
perature would l)e raised through an extent of 13,500° 
of heat, according to the results of Leslie's experinmM. 
This heat being immediately dismisEed to Burroundillg 
objects, its temperature would fall to that of the median 
in which it is placed. Thus, without the applicaii()a 
of a freezing mixture, or other means of cooling, an im- 
mense abstraction of heat would be effected, and lhi> 
might be continued so long as any mechanical ibrce 
adequate to the further compression of the gas could be 
exerted. Freezing mixtures may then be applied for s 
reduction of temperature; but how much oraK 
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efficacious the process of coinpression is, 
stood from the fact that no freezing mixture has ever 
yet enabled ub to obtain a temperature of more thdn 
about yO' below zero, andj consequently, none could 
enable us to abstract from a gas or from air more than 
about 1 40° of heat. 

It has been already explained that the elastic force 
of air, or any other gaseous body, depends partly upoo 
its temperature, and partly ujion its density. This 
force may be increased by rtie application of beat with- 
out any change of density, or it may be increased by 
compression without any change of temperature. If 
stmospheric air, or any other gas, be compressed by 
mechanical force, it will immediately acquire an in- 
creased pressure and a higher temperature. The pres- 
sure will, at first, be increased in a much greater 
proportion than the volilme within which the air is 
confined is diminished; but when the temperature of 
the compressed gas is reduced to that which it had 
before compression, then the pressure will be exactly 
in the proportion of the compression. 

The actual change of elasticity which is produced by 
mechanical condensation, without allowing the com- 
pressed air to lose any heat after compression, has been 
mathematically investigated ; but the theorems by which 
die change of pressure and temperature are expressed are 
too abstruse to find a place in a treatise of this nature.* 

The same mathematical formulae which express the 
reUtioti between the temperature and pressure of air 
not allowed to part with heat after compression like- 
wise apply to eteam, and all vapours which, as I have 
already shown, will not pass into the liquid form uniler 
theee circumstances ; and this affords another strong 
argument in support of the analogy which favours the 
hypothesis that atmospheric air and all the permanent 
gases are vapours of highly volatile bodies, which va. 
porise at very low temperatures. 
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1 known that lead, copper, gold, and oAcf 

metaU which are both malleHble and ductile, when 
flattened under the hammer, or wiredrawn diroDgh 
holes drilled in a steel plate, at the same time dut 
they undergo an increase iii their density, also tc- 
quire an increase of temperature. This effect ii in 
accordance with the general law observed in bodio, 
whose sensible heat increases b; cnmpresaion ; but in 
the present case, where the process of hammering or 
wire-drawing is carried to a certain extent, the mela! 
altogether changes its mechanical character, and inatead 
of being soft and ductile becomes brittle and friaUe. 

I Instead of extending under the hammer it cracks and 
breaks to pieces. Its former character may, howerer, 
be restored by heating it in the lite to high teniperatutei, 
and permitting it to coo! slowly.* It will then be oaee 
IDore malleable and ductile, and the process may be re- 
peated. 
Let us suppose that in this case the quantity of beat 
fcroived by the process of hammering or wire-drawing 
were accurately observed, which it might be by metiu 
of a calorimeter. Again, let the quantity of heat eem- 
municated to the body in raising its temperature be alw 
observed ; and, lastly, let the quantity of heat which 
the body loses in cooling slowly to its former temper- 
ature be in like manner measured. It is probnble tbn 
it would be then found that in cooling slowly it low 
less heat than that which was comrauiiicated to il in 
raising its temperature after bein^ hammered, and thU 
the difference would be just equal to the heat evdved 
in the process of hammering or wire-drawing. If this 
were verified by experiment, we might infer ihftt the 
quality, malleability, and ductility depend on the meBl 
containing at a given temperature a certain quantity rf 
heat, and that if at the same temperature it he cautd 

I to contain a less quantity then it loses these qualitiei. 
I have here confined myself to the expression of iht 
/inere fact that the body in the two si 
1: 
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or leas heat to avoid any hjpotheBis in accounting fur 
the phenomena. The effect, however, ia accounted for 
by Dr. Thompson, by supposing that (he quantity of 
heat which the body contains in the one etate at the 
same temperature above what it contains in the other 
is latent in it. It is obvious that the effect would be 
equally accounted for, by supposing the specific heat of 
a body changed by the process of hammering or wire- 
drawing. Experiment only can decide which is the 
mote correct way of expressing the effect. 

Dr. Irvine, and others who have followed him, have 
attempted to reduce the remarkable absorption of heat 
in the process of liquefaction and vaporisation to the 
same class of effects as the phenomena of specific heat, 
or the process by which different bodies, without 
changing their form, consume different quantities of 
beat, to produce in them a given change of temperature; 
while othera, taking an opposite course, attempt to ex- 
plain all these phenomena on tlie principle, or rather in 
the phraseoioify, of latent heat, adopted by Dr. Black. 

According to Dr. Irvine, the absorption of heat in 
itte processes of fusion and vaporisation arises from the 
obcumBtance, that a body, when converted from the 
acdid to the liquid state, or from the liquid to the va- 
porous state, undergoes an increase in its specific heat. 
Thus, if water have a greater specific heat than ice, it 
will follow that a greater ([uantity of heat will be ne- 
cessary to communicate to it the temperature of 32° 
than is necessary to give that temperature to an equal 
weight of ice. In the transition, therefore, from ice to 
water, as much heat must be communicated as the in- 
creased specific heat of the body renders necessary to 
maintain it in the liquid form. In the same manner, if 
the specific heat of steam be greater than that of water, 
ihe transition of water from the liquid state to the 
vaporous stale, must be attended with such an additional 
supply of heat as will satisfy the increased capacity of 
steam for heat. Like observations will apply 
li^iqn and vaporieation of all other bodies. 
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reanDmg, it wtmU be a e taa ar y U 
ftmme ftat the apecific hfW rf iD Tiponn aiv gtcaUt 
Am dkoK of dc liqnidi ifaej fonn bf eondrTMUka, «d 
•stall Kqidds gresier tfaandtMe of the stdida whidi A^ 
hnn b; eoDgdatioa. Now the 00)7 bodj wUdi ta 
bees yet atbnntwd to expenroemi] exsmbutioD in iB 
die dme sariva b wmter ; and it has be«i sioertanH^ 
widi inBnwit crrtuntj, diat the specific heal of joH 
Im« tbni that of watfT — ■ fact consisleiit with tbetc^ 
iMiTii^ of Inine. A di^rence in the nsult of diSbml 
txpaimeulB exiiti, howeier, with reelect to Cbe ipe- 
dftc heat of steam- The erperiments of MM. de It 
Kodie and Benrd give a specific hett less than thai of 
water, in the proportioD of 847 to 1000 ; while the a.- 
penmeDts of Dr. Craivfurd give ■ specific heal gctuet 
than water, in the proportion of 1550 to 1000. 

It were to be wished that esperimenis should 1x 
made for the detenninaiion of the specific heat; of other 
bodies in the ihree estates of soUd, liquid, and vqMmr; 
and where this is not attainable they should at lead 
be examined in ODe of these (ranatiana. 

The reasoning of Dr- Inine must, at present, be 
regarded as an iDgenious conjecture, having « tm- 
dHicy greatly to simplify the classification of the phe- 
nomena connecting teinperalure with the absolute qoAB- 
tities of heat, and countenanced by the general ftcl, 
that the specific beats of liquids are greater thin 
those of solids, but also at variance with an infeience 
derivable from a similar analc^ with respect to bodki 
in the gaseous form, the specific heats of which, N 
lar as the esperiraents which have been toade cm 
be relied on, are, in general, lower than those of B- 
quida. The only well ascertained fact which gitH 
direct support to this theory is the relative specific hwB 
of water in the liquid and solid ttate. On the odwr 
hand, it can scarcely be said that there is any dedfflVE 
fact which has been produced to overturn Irvine's hy- 
pothesis, because the result of the eiperiments of JWM- 
de la Roche and Bersrd upon steam, though periufi 



mare entitled to confidence than those of Dr. Crawfurd, 
ia still scarcely deciiiive enough to be regarded as an e%- 
perimentutn crucia in overturning that theory. Great 
difficulty and uncertainty attend all experimental in- 
vestigations respecting the specific heats of gases or 
vapoDTS. Where the accuracy of a single experiment 
is doubtful, the coincidence of a greater number of le- 
BultB shoitld be obtained before we can consider them 
decisive. 

It has been objected to Dr. Irvine's hypothesis, that 
though " it accounts for the disappearance of caloric in 
liquefaction, yet it does not explain uihi/ the liquefaction 
takes place ; that, on the other hand, the theory of 
latent heat not only explains the change itself, but also 
the phenomena that attend it."* It ia difficult to per- 
ceive either the truth or force of this objection. In the 
phenomena of liquefaction there are two phyiical efibcts 
to be explained ; first, the transition of a soUd to the 
liquid state by the reception of a definite quantity of 
beat from some external source ; secondly, that this 
heat produces no change in the temperature of the body. 
Now it is difficult to perceive how Dr. Black's theory 
explains either of these effects, or how it can be viewed 
iu any other Ught than as a mere expresEion of them. 
fie stales that, in the process of liquefaction, a large 
qnttntity of heat becomes latent in the liquid : the mean- 
ing of which is, that this heat is communicated to the 
body without causing its temperature to rise. He states, 
alio, that it is the abBOrjition of this heat which causes 
llie transition from the solid to the liquid state : the 
meaning of which is, that whenever a body passes from 
the one state to the other heat is thus absorbed. In 
both instances nothing can be understood except a bare 
statement of fact. 

On the otlicr hand, the reasoning of Dr. Irvine, 
whether it shall be confirmed by the results of future 
ejcperiments or not, though it does not explain the pro- 
cess of liquefaction, yet certainly does account for " the 
* Tumer'i Cbeniiilrri ^ ^1 p. EJ. 



phenomeiia attending it," vix. that the heat commu- 
nicated during liquefaction produces no increaee of 
temperature in the body liijueiied. This is fiiUy and 
MtiBfactorily accounted for by the circumstance that the 
specific heat of a hquid ie greater than that of a lolid, 
uid the heat commanicated to it is that surplus of heal 
required to give the Uquid the same temperature aa the 
ac^d, by reason of its greater specific heat. This alM 
accounts for the gradual process of Uquefaction. Tlw 
adihdonal heat impaited to the body is taken op bj ill 
parts in succession, each part which snccesBively liqinfiH 
receiving the increment of caloric which is dtie to ift 
apeciflc heat. 

The same acute and exact chemist, whose oli}ectwnt li 
Irvine's theory have heen just quoted, is of opiniim iktf 
the theory of Dr. fiisck may be extended to all the phcnk 
mena arixing from the different specific heats of bodies; ' 
and thus that an equal simplification or generaUBatiODmajT 
be obtained, aa that which would be accomplished by Ot. 
Irvine's tlieury. He states that difierent quautitiea of 
heat, in the proportion of S'J to 1, are necesaary toniK 
water anil mercury through 1° of temperature: Ae 
excess nf the caloric communicated to the water, afaow I 
that which is communicated to the mercury, mM ' 
become insensible to the thermometer, just as h^pap 
when ice h converted into water or water into vap<Mf. 
The phenomena he considers to be in this point of view 
identical, and that, therefore, the same mode of naM» 
ing by which one is explained may be applied to accoOt 
for the other. This position, however, seenu scarM^ 
tenable. It may be objected to it, in the first flM^ 
that the phenomena of liquefaction and vaponsatian m 
altogether distinct from those arising from the difioxot 
susceptibility of bodies to receive teraperatupe from beiL 
Where heat is communicated to water, it continua re- 
gularly to rise in temperattire ; and however small • 
portion of heat may be given to it, that heat will jao- 
duce a determinate increase of temperature. If An 
then, be the case, how can any portion sf it be nidto' | 
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become latent, the word latent being received in the same 
Genae ss it is when applied to the phenomena of lique- 
faction and vaporisation ? Heat is said to become latent 
when a quantity of it being communicated to a boil^ 
leaves a thermometer immersed jn that bod}' stationary. 
But independently of this objection against this ihifting 
of the detinitiou of the term " latent heat," there seems 
to be no reason why mercury ahouid be adopted as tbe 
standard of all otlier matter ; for, according to the theory 
here proposed, it would follow that all bodies having 
A greater specific heat than mercury, must be considered 
a> rendering latent in them all the excess of their specific 
heat above that mercury, — mercury itself being the 
only body no part of whose specific heat ia to be consi- 
dered as latent. But what must we infer respecting 
those bodies whose specific heat ia less than that of 
mercury ? Is the specific heat by which mercury ex- 
ceeds ibem 10 be considered aa latent in the mercury 
with respect to them, although sensible in the mercury 
with resjiect to bodies of greater specific heatf 

By far the moat remarkable fact, which recent inves- 
tigations have brought to light, in connection with the 
theory of heat, has resulted from the experiments of 
MM. Dulong and Petit. It appears from the experi- 
ments of these philosophers, in the 10th volume of the 
Anaales de Chimie et Physique, that the atoms of all 
■imple bodies have the same capacity for heat. This 
important law, if admitted, would at once connect the 
whole theory of heat with the atomic theory of Dalton, 
and, therefore, with the entire structure of chemical 
adence. It appears that if the numbers representing 
the specific beats of various bodies which have been 
accurately examined be multiphed by the numbers 
which express their atomic weights the same product 
will be obtained in every case, as appears by the follow- 
ing table ; in which the difiercnces between the numbers 
forniing the third column are so email aa to be fully 
accounted for by the unavoidable errors of observa- 
■tiaoi — 
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It appears from this table that the specific lieata of 
bodies are always in the inverse proportion to the weighn 
of the constituent atoms ; that ia^ in proportion at the 
specific heats are great, the weights of the constitnent 
ms are smatl. From this it may easily he inferred 
t the specificheatsof the atoms of different bodiesue 
equal. In equal weights of two bodies, the nurobo' of 
constituent atoms will he great in proportion as Unit 
weights are small. Now, by the preceding table, il 
appears that the specific heats are in the inverse pi^ 
portion to the atomic weights ; and since the number 
of atoms in equal weights are likewise in the inverw 
proportion to the atomic weights, it follows that ibe 
specific heats of equal masses are in the proportion of 

I the nranber of atoms in these masses; hut since ibe 
specific heats of the masses are composed of the spedfic 
heals of their constituent atoms, it follows that the 
specific heats of the atoms of the one mass must be e^oal 
to the specific heat of the atoms of the other mass. 
This is, therefore, a quality in which the atoms of 
all the simple bodies, however they may differ in other 
respects, agree, — that theyhave all the same capacitiesfcit 
heat, and the same additions of heat produce in than 
the same change of temperature. 
. Since the sarae experiments of MM. DulMig ■■ 



,T. 29s 

Petit, which have led h) this important discovery, Uke- 
wise show that the specific heat of the same body under- 
goes a slight variation with ita temperature, we muBt 
assume that the gpecillc heats referred to in this law are 
the mean specific heats of bodies. Mr. Dalton taltes 
this as a ground of ohjection to the conclusion of MM. 
Dulong and Petit. He argues, that since the capacity 
for heat varies with the temperature it is impossible 
that the specific heat of the atoms can be equal. But 
why, it may be asked, may not the mean specific beat 
of the atoms be understood as well as the mean specific 
heat of the bodies themselves? This objection would 
seem to be removed by stating that the mean specific 
heat of the atoms of all simple bodies is the same- 
Mr. Dalton also objects that the validity of the con- 
dusion is shaken by the fact that the specific beet of 
die same body is different in the solid, hquid, and viu 
porous form, although it ia undoubtedly composed of 
the same atoms in these difierent states. 

This olgection has been foreseen by MM. Dulong 
and Petit, who have limited the law, by remarking that 
it holds only so long as the bodies do not change their 
form. In this ease it would be necessary to state what 
form it is of each body which comes under the law. If 
ihe law be admitted, it would establish a distinction be- 
tween the three forms of which bodies are susceptible, a 
drcnmstance which has been hitherto regarded as purely 
accidental on their temperature. 

The results of the experiments of 0e la Rive and 
Marcet, already mentioned, are altogether inconsistent 
with the law thus obtained by Duiong and Petit. If 
the specific heats of all bodies be inversely as their 
atomic weights, it is plain that the specific heats of 
■gases cannot be inversely as their specific gravities. 
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Wben an; physical eSect is progresBively transmitted 
or propagated in straight lines, especially if those lina 
proceed in various directions round the point wben 
the efiect originates, the phenomenon is called radiiOion. 
The eifect is said to be raiiialed, and the lines along 
which it is transmitted are called rays. 

Several natural phenomena present examples of thii, 
of which light is by far the most remarltable. Everj 
point of a visible object emits rays of light which d^ 
verge in all possible directions from that point ; and it 
is by these rays of light that the point itself beconUB 
visible. These rays of light. In like manner, whm 
they proceed from a luminous object, such as the suD, 
or the flame of a lamp, falling on other objecta, iQn- 
minale them, and making the points of their sUffuM 
become new centres of radiation, render them visiUe. 
The secondary rays which they thus radiate by reflw- 
lion meeting the eye produce a corresponding HensatioD 
which eKcitcs a consciousness of the presence of ibe 

Hadiation is hkewise a properly of heat. A hoi 
body, such as a ball of iron, raised to the lemperatnie 
of 400°, placed in the middle of a chamber, will VaM~ 
mit heat in every direction round it. Non this h(M 
may easily be proved not to be transmitted rnerely If 
means of the surrounding air ; for in this case the eA« 
would be an upward current of hot air, which mraU 
ascend by reason of its comparative lighlness. On tht 
other band, the heat which proceeds from the ball ii 
found to be transmitted downwards, horizoritally, *si 
obhquely, and in every possible direction. It is Slc6> 
wise transmitted almost instantaneously, at least de 
transmission is utterly InapprecidifcL.' '4^ 
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delicate thermoineter, placed at any distance below the 
bail, will be immediately affected bir it; and the proof 
that this is true radiation is found in the fact tliat the 
rays may be intercepted by a screen composed of a 
material not pervious to heat. The rays may be 
proved to be transmitted in straight lines in exactly 
the same maimer, and by the same reasoning, as is 
applied to raya of light. 

But the radiation of heat, independently of any power 
of tranxmission which may reside in the air, is put 
beyond dispute by the fact, that a thermometer sus. 
pended in the receiver of an air pomp, when it is ex- 
hauBted, is ailected by the solar rays directed upon it. 

The effects of the radiation of hot bodies prove that 
rays of heat exist unaccompanied by light, On the 
Other hand, the calorific property which constantly 
ftCcompanies the solar rays, as well as the rays pro- 
ceeding from flame, would indicate that heat is a 
necessary concomitant or projierty of light. It is 
Bseei^ned also that the calorific principle exists with 
difibrent degrees of energy in lights of different colours. 
Sir Williani Herschel, being engaged in telescopic 
ohaervations on the sun, found that the coloured glasses 
whicli he used to mitigate the brilliancy of that lumi- 
niry, in order to enable the eye to bear its splendour, 
were cracked and broken in pieces by the heat which 
Aey absorbed from the lif^ht which acted on them. 
Tfais led him to investigate the calorific properties of 
the different component parts of solar light ; and the 
experiments which he instituted led to an important 
extension of the analysis of light originally discovered 
by Newton. 

Let AB C, fig. 33., be a section of a glass prism 
cut at right angles to its length, and let 9 S be a ray 
of light admitted through a small aperture in a window 
ahntter, and striking the surface of the glass at S. It 
is a property of glass, which is explained in optics, that 
when light enters it in this manner the ray is bent from 
I itt course, and instead of proceeding in the direction 
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before, bat it Kpnftdi at 
a the screen, iiuteid cf 
ft, H it woolil do if it were not 
■■mfUmit bf Ibr ptisai, it coven an eiien(ted line on 
Ik Mtecn bmn V to R; mud the length of thi* Ibk 
mOEMtt if tke Kiceii be iiM*ed &am the prism, lod 
dcavMMS if dte aofen be mored lomnk the prism, i 
HceMHj iBBW^rnrf of ibe diTergmce of the nji 
iHM^t fi«a the pnmk. It >s ilao observed, that tldi 
Ifae af G^ dBB indaoed on the Ecreen, i« not i 
■■lianH «Uie Bgbi like the ipot which would bg 
f^tmaei *m * aaecB held between A B C and the 
«tadWB dnner. (^ the oiha hattd, an appeaianc* it 
•fa •Cgdar MMcesoa of brilliant coloun, the 
4mt, V. being inM, the nest below this iajigt, 
If Uh^ grtrm, jmOoif, orange, aid 
■r wccetaiop, ckcfa colotir occnpjing 
i|Me m dM fine of hght This eSfeet )■ 
cded the friammtie ^ertrum, and it il»- 
Ml twv tett which an awettainal in optJM, 
HMdy, — Am, ibat the njr of lif^t SS is campoundnl 
' mmaA &ciMt njit whidi difo from each odwi j^-i 
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colour ; secondly, that the glsEB of the prism A BC is 
espable of refracting or bending out of their course these 
different coloured lights in different degrees. Thus it ii 
capable of deflecting the Tiolet fight more tlian the 
indigo, the indigo more than ihe blue, and so on, each 
colour in succession being more reA'angible by the prisiD 
than that which occupies a lower place, and red being 
therefore the least refrangible component part of the 
solar beam.* 

Let us now suppose that the balls of a series of ther- 
mometers are placed in the different coloured lights from 
the violet to the reii in regular succession. The relatiTe 
beating powers of these different colours will be in- 
dicated by the effect which they produce on the several 
thermometers, the most powerful being that which. 
Taises the thermometer exposed to its influence high- 
est. It is found that the thermometer whose bnlb 
is covered with the violet light is less elevated than 
that which is exposed to the indigo. ThtE again is 
less raised than that which is exposed to the blue, and 
the elevation of the several thermometera go on, thna 
regularly increasing ; that which is acted upon by the 
red light standing at a greater elevation than any of 
the others. Hence we infer that the calorific power of 
the red light is greater than that of any other com- 
ponent part of the solar beam. It might at first view 
be supposed that tho. calorific power had some depend- 
ence on or connection with the illuminating power of 
light, and that the light which was most brilliant would 
likewise be most hot. This, however, ia not the fact ; 
for the most brilliant part of the prismatic spectrum is 
found in the position of the yellow light, and the briU 
liancy gradually diminishes towards the extremity of 
the red, where the heat is found to he greatest. 

It occurred to Sir William Herschel, that as hot 
bodies emit calorific rays which are not luminous, it 
was possible that non.lumiiious calorific rays might 
1 solar light itself. To determine this point, he 

> See Cub. Crc OpHo, Cbif- ' 
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iptee immediatdy below 
rf the *pB«riun. He apcordin^ 
Iw had mlidpateil, that the tbermometer EtiS 
Mttnaea Ut br »fircted. and consequently that the pre. 
MDce of calonfic laji invisible and non-luminous was 
uanifcned ; bnt what ns more singular, be found that 
the calorific power of these invlEible rajs wai even 
gieatn than that of the iominoos red rays, in fact, the 
maTJmnru effect of the calohfic rajs was found U a 
point a littk below R. From that point downtrardi 
the caloriflc influence npJdiT diminished until it alto- 
gether disappeared. There are, therefore, a number of 
iBTiiible rays prooeeding from the prism, and orcnpyiOj! 
^ apace H bdow R. These ttjs are refracted b; the 
dam in the same manner as the luminous rays, bnl 
refraction is less in quantity. These invi^le r^i 
diSer from each oiher in re&angibility, in the ianie 
ner as the luminous rays do, since they occupy • 
^•ce of some extent below R, Those whose position 
]• lowest being less refrangible than those neaicr to 
ihe luminous rays. 

Soon after these experiments of Sir William Herschel, 
the attention of several distin§;uished philosophers wm 
attracted to the investigation of the properties of the 
prismatic spectmin. anil amonf: others the late Dr. 
WoUaslon, Ritcer, and Bectmann. It had been \oag 
known ihat the solar Ughc produced an influence OB 
certun chemical processes. Thus the nilt»teor chlonib 
of silver, exposed to the direel rays of the aun, wn 
known to acquire a black colour. Chemical efiMi 
were also produced on the oxides of certain metals. It 
was shown by Scheele and others that these effetM 
were produced by the rays of light which occupy die 
upper part of the spectrum, and not at all by the nA 
rays, A feeble effect was produced by the green k;, 
■nd the chemical energy was increased by ascendiiV 
towards the violet ray. The circumstance of HentM 
having discovered invisible calorilic rays under tha lower 
extremity of the spectrum, and even finding the point of 



extreme energy in that space, suggested to these philo. 
Bophers the eaquiry, whether the chemical influence 
which was observed W increase in ascending towards the 
i^per extreniit;^ might not exist in the space above that 
point where no luminous rays were apparent. They ac- 
cordingly found, on exposing iubstances highly suscep- 
tible of this chemical influence in the several Bpac£( 
occupying the upper part of the spectrum, end also in the 
space immediately above V, that the chemical action 
was continued, aa they had anticipated, beyond the 
luDiinous rays ; and as the maximum heating power was 
found below K, so the maximum chemical influence 
WBB found to be in the space above V r in ascending 
beyond that point the actual influence rapidly diminished 
until it disappeared. It fallows, therefore, that there are 
a number of chemical rays proceeding from the prism 
more refrangible than any luminous rays, and falling 
on the screen above the point V in the space C. 
Theae chemical rays were foun<l to be alti^ether des- 
titute of the heating principle, or at least their effects 
on a thermometer were inappreciable. 

The experiments of Ilerschel were repeated by seve- 
ral other philosophers, with various success, some being 
unable to detect any calorific rays beyond the lumlnoui 
spectrum, others detecting their existence, but fixing 
the maximum caloriflc influence in the red rays and 
Others again agreeing in all respects with HcrscheL 
Of these, the most valuable were experiments instituted 
by Berard in the laboratory of Berthollet at I'aris. This 
philosopher used a heliostat, which is an instrument 
constructed for the purpose of reflecting a ray of the 
■un constantly in one direction, notwithstaniling the 
change of position of the sun by its diurnal motion. 
He thus obtained a perfectly steady and immovable 
spectrum ; and he repeated the experiment under much 
more favourable circumstances than those in which 
Herschel's investigations were conducted. These ex- 
poritnenls fidly corroborated the reaidls of former in- 
vwtigations, fuid put beyond all question the presence of 
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ioviaible rays beyond both extremities of the spectnun, 
the one possessing the chemical, the other the calorific 
property. Berard, however, found the max! mum 
calorific influence exactly at the extremity of the lu- 
minous spectrum, where the bulb of a thermometer was 
completely covered with ted light. The only difference, 
then, which remained to be accounted for in the resoki 
of different experiments was the point of maximum 
eabrific power ; and it was conjectured by Biot that lhi> 
apparent discordance might he accounted for by the 
diflerent materials of which the prisma were composed. 
This conjecture was subsequently verified by Seebeck, 
vho proved that the position of greateEt calorific inten. 
city depended on the nature of the prisra by which the 
tays are refracted. He found that a hollow prism filled 
with water or alcohol fixed the point of greatest calo- 
rific intensity in the yellow rays. If Ulled with ■ 
■olutiori of corrosive sublimate, or with sulphuric acid, 
this point was found in the orange ray. When a ^an 
prism of crown glass was used, it was situated in du 
red ray, but when a prism of flint glass was used the 
point of greatest calorific intensity took the position 
which Herschel assigned to it in the non-lumiooui 
■pace below the red ray. Thus all the apparent dis- 
cordances in the experiment were satisfactorily ac 
counted for. 

The results of these experiments have given rise » 
two distinct hypothc!!«s respecting the consCitutioo ot 
solar hght. 

In one, it is supposed that the solar ray, S S, is com. 
prised of three distinct physical principles, — thechemicali 
the luminous, and the calorific. Let us imagine a screen, 
M N, Jig. Si., placed between the prism and window- 
■hutter, which is capable of intercepting the luminous 
and the calorific principle, but which allows the cbe. 
mical rays to be transmitted. In that case, the prino 
will refract the chemical rays, and cause them to ili- 
Terge and occupy a space on the screen between the 

'at C and C, C corresponding to the highest pant 



above the lumiooua spectrum, where the chemical in- 
fluence is fimndj and C, the lowest point in the green 




a presence is discoverable. Le 
suppose ttie screen M N ta allow the luminous rays to 
be Ukewise transmitted ; these will be refracted bj the 
priera, and will occupy the space L L', corresponding to 
that already described as liinitt^d by the violet and red 
lights. Finally, if the screen M N be removeii, and aU 
the rays allowed to pass through the prism, the calorific 
rays will occupy the space from H to H', these being 
the points where the thermometer, in ascending and 
descending, ceases to be affected. Thus, according to 
this supposition, three distinct spectra, if they may be 
■0 called, are formed, ^ — the chemical spectrum, the lu- 
minous spectrum, and the calorific spectrum. Then 
spectra, to a certain extent, are superposed, or laid one 
upon another; but the chemical spectrum extends be- 
yond the luminous, at the upper part, while the calorific 
spectrum extends beyond the luminous, at tlie lowet 
end. Each spectrum consists of rays differently re- 
frangible by the prism ; and if the middle ray be con- 
sidered as representing its mean refrangibility, it wiH 
follow, that the mean refrangibility of the chemical rays 
is greater than that of the luminous rays, and the mean 
lefrangibihty of the luminous rays greater than that of 
the calorific rays. If prisms of different materials be 
used, the relative degree of mean refrangibility will be 
flulfject to change : thus the liquid prism above men- 
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tioned will cause the mean reirangibility of the calorific 
rays to be more nearly equal to that of the liuninotu 
r&ys than the glass priem. 

According to the other hypothesis, the solar beam 
coDfistii of a number of distinct raye, which difier from 
each other in theit capabiiity of being deflected by any 
refracting medium. When transmitted through a priBin 
and received on a screen, the most refrangible passei Ki 
the highest point, and the least refrangible to the lowest 
point, those of intermediate degrees of refrangibility 
taking intermediate places. It is assumed that the nja 
tvhich thus differ in refrangibihty have also diflerait 
properties and qualities, and that tliey poiisess the same 
quality in different degrees. Thus rays of different T6. 
frangibility have, different heating powers : they diSin 
in colour, they have different illuminating powers, and 
ti\ej possess die chemical agency with different degrcci 
of energy. So far as the sensibility nf therraometen 
enaUe us to discover the e^cistence of the calorific priiu 
oiple, it extends from a. certain point below R to a 
certain point in the violet hght ; but the diminution of 
its temperature is observed to be gradual in upproadusg 
its L'mit ; and it is caneistent with analogy that it 
should exist, in a degree not discoverable by tfaenno- 
metera, beyond these points. Although, therefore, the 
thermometer does not indicate tlie calorific principle b 
the invisible chemical rays at the top of the spectmin, 
yet we cannot infer chat these rays are altogether des- 
titute of tliat principle, without assuming that the *ea- 
aibiUty of thermometers has no limit. In like manner, 
the chemical influence, so far as experiment determine* 
its presence, ends somewhere in the green Ught, about 
the middle of the luminous spectrum ; but the dimin- 
ution of its influence to this point is gradual ; and it 
cannot be inferred with certainty, that it might not 
exist in less degrees in the rays below this limit, and 
_even in those invisible rays which are beyond the red 
uidesB we assume that there are no tests of dw 
ical influence of gicalet «eTUA\ri]u.tj ^tsa thaw v 
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have been used by the philosopliers who instituted ex- 
periments on this subject. 

The presence of the luminous quality is delennined 
by its eSects on the human eye, and the discovery of 
it must, therefore, be hmited to the sensibility of that 
organ. I'o pronounce that there are no luminous rays 
beyond ihe limits of the visible spectrum is to declare 
that the sensibility of the huraaji eye is infinite: now 
it is notorious, not only that the sensibility of sight in 
difierent individuals is di&rent, but even that the sen- 
aiUlity of the eye of the same person, at different times, 
is susceptible of variation. If a person pass suddenly 
from a strongly illuminated apartment into a chamber, 
liie windows of which are closed, he will be immediately 
impresEed with a sensation of utter darkness, and vriQ 
be totally unable to discover any object in the room j 
but when he has remiuned for some time in the dark- 
ened room, he will begin to be sensible of the presence 
of light, and will at length even discern distinct otgecta. 
In diis ease the eye, while exposed to the intense light 
of the first chamber, accommodated its powers to the 
quantity of light to which it was exposed, and by a 
providon of nature limited its sensibility in proportion 
IS the light was abundant. Passing suddenly into the 
darkened chamber, where a very small quantity of light 
was admitted through the crevices of the windows, die 
eye was incapable, in ita actual stale, of any perception 
of light, notwithstanding the undoubted presence of that 
physical principle ; but when time was allowed for the 
organ to adapt itself to Che new circumstances in which J 
it was placed, its sensibiUty was increased, and a dis- -1 
tinct perception of hght obtained. 

It is, therefore, perfectly certain, that the sensibility 
of the eye is variable in the same individual, and even 
diangeable at will. It is, hkewise, perfectly certain, 
that different individuals have different sensibilities of 
aght, one individual being capable of perceiving light 
which is not visible to another. Circumstances render 
it highly piobiblt tlwt many infenoi wiimala have s 
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I of light) under circum stances in which ibc 
homan eye hat no perception of it ; and it is, ibBC- 
fore, consistent with analogy to admit at least the pw- 
nlnlit;, if not the probability, that the invigible rap 
which fall on the space beyond each extremity of At 
ImninonB gpectnim may be of the same natnre u Ae 
other rays of light, although they are iDcapsble of (x- 
dtiug the retina of the human eye in a sufficient dcpw 
to produce sensation. This prolrabibly will receive iliH 
farther support and confirmation, if we can show diit 
diese invisible rays et^oy all the optica! ptopertieB, *a<e 
and except that of affecting the sight, which oths In- 
mi nous rays possess. 

It has already appeared, that the nan-luminous ca- 
lorific rays, H, ^g.Si., are refracted by tranepamil 
media in different degrees; this refraction is also proved 
to be subject to the same laws as the refraction of la- 
ninous rays. Thus the sine of the angle of incideaw 
bears a constant ratio to the sine of the angle of re- 
fraction, when the refracting medium is given, and re- 
fracting media of different kinds refract these rays in 
different degrees. 

If the invisible calorific rays at H be allowed to pao 

Uirough a hole in the screen, and be received on the 

plane reflector, M, Jig. 35., they will be reflected in the 

Fig- 35. 




direction M H', in the same manner as a ray of li^ 
__ would be under the same circumstances ; that is, the 
« ^ H' and M H will be equally inclined W (tw 
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e of the reflector. If raya of heat be received on a 
mcave refieclor, the; will be reflected to a focus in 
exactly the same manner as rays of light ; and, in a 
word, all the phenomena explained in optics concerning 
the reflection of light by Burfaces, whether plane or 
curved, are found to accompany the reflection of the 
non-IutninouB calorific rays. This is actually found to 
take place, whether the non-luminous rays be those 
which are obtained by reflecting the solar light by the 
priam, or produced from a heated body. 

In the experiments of Berard, the question of the 
identity of the caloriflc and luminous rays was submitted 
to tests even more severe. There are certain cryBuUised 
bodies called double refracting crystals, which produce 
peculiar effects on the rays of light transmitted through 
them. Let AB,_^^. 36.,be the surface 
of apieceoflcelandspar.or carbonate , 
of lime, which is one of this claes of 
bodies, and let L L' be a ray of light 
- fltribing obliquely on the surface of 
this crystal ; if the crystal were com- 
mon glass this ray would be hent 
out of its course, and would pass 
through it in another direction: but 
in the case of Iceland spar it is observed that ihe ray 
L L' Is divided into two distinct rays, which proceed in 
(wo different direcdons, L'M, L'M', through rfie cryslaL 
Let a non-luminous calorific ray, taken from the lower 
end of the spectrum, be in like manner transmitted to 
the surface of such a crystal, it will be found, that in 
penetrating the crystal it will be divided into two rays, 
aad that these two rays will be deflected according to 
the same laws, exactly as a luminous ray under the 
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A luminous ray thus, after its transmission through 
a double refracting crystal, is observed to have received 
a peculiar physical modification, which is called poiar- 
ieadon. In fact, a mirror placed in a certain inclined 
poaitioii, above or below one of these two rays, 
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ll^ Ae wipanfc of wlncfa will depend oo 
rf Ac iMifMt, K fbaad, when reflected in 
y waf, m ke pAiMil, or put into the ph;- 
d W RMh from the douUe 
life of being reflected 
r ffaced above m' bdow it, but it ii 
d I7 the mne mirror utnilulj 
[oinoQB calorific raj, 
R^ag Iran ihe piiun, or torn a hot bod; 
V the nme effect, and to ht 




tigatiMi of the phenc 
■eat, it ii necessarj I 
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I heat from the cuttai 
inMMM «f ^ U Btpatctan of the air in the apartmenl 
m aMih Ae esperiment mj be conducted. Tht lue 
if Ae Ammoocwi vooM in this case be attended with 
■■MmI ineacmniaice, itiasmnch as it would be ex' 
iHiBilj ASmll to distiDgoish the effect of the heal 
tmHtted Inm the csaaal change of temperature of the 
m wUdi die thennonieier b placed. A 
r,itis tnie,might be used tD«uchei- 
perirn^its. the Tariatioos of which woiuld show the changt 
of lemperatiue of the mediiun ; but this second tbenno- 
meler could nerer be placed exactly in the same position 
■s the thermomeier afl^ted by the radiant heat ; and 
it wottld not follow that the chinges of temperature of 
. two different parts of the same chamber would neces- 
ril; be exactly alike. An instrument, therefore, wiaek- 



307 

is not affected by any change of temperacuTe in the 
mediam in which it ia placed would be capable of 
giving much more accurate indications for such a pur~ 
poBe. Such an instrument was invented and applied 
by sir John Leslie in his experiments on radiant heat, 
the results of which have so justly placed that diatin- 
guiahed philosopher in the first rank of modern disco- 
Terera in phjsles.* 

The differential thermometer of LesUe consists of a 
Ft". 37. small glass tube. Jig. 37-, at each 

extremity of which is placed two 
thin hollow bulbe, F E, of glass, 
and the tube is bent into the rec- 
tangular form, E A, B F, and sup- 
ported on a stand S, the bulbs being 
presented upwards. This tube con- 
a small quantity of sulphuric 
"■ acid, tinged red with carmine, to 
render it easily visible, filling the 
greatest part of the legs and hori- 
zontal branch. To one of the 
legs, F B, a ncale is attached, 
divided into 100°, and the liquid contained in the tube 
is so disposed that it stands in the graduated leg op- 
posite that point of the scale which is marked 0°, when 
both balls arc exposed to the same temperature. The 
glass bail attached on the leg of the instrument which 
bears the scale is called the Jbcal bait. Dry air is con- 
UUned in the balls above the Bulphimc acid, which not 
being vaporisable does not affect the pressure of the air 
above it by its vapour. 

If this instrument be brought into a warm room, the 
air contaLned in both bulbs is equally affected by (he 
increase of temperature, and therefore no change take* 
place in the position of the liquid ; and whatever changes 
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the temperature of the apartment tnay undergo, for the 
tame reason produce no effect on the instrument. Sup- 
pose, however, that the focal ball F is Eubinitted to the 
effect of heat, frnra which the ball & is free, then iIk 
air in F will acquire a greater degree of elasticity, while 
the air in E maintains its former pressure ; the liqoid 
in the leg F B will, therefcre, be pressed downwardi, 
until the increased space obtained by the air in F, and 
the diminished space into which the air in E is presied 
by the ascent of the liquid A E, equalises the pressure 
of the air in the two balls, by diminishing the presure 
of the air in F, and increasing that of the air in £, the 
liquid will then become stationary. The instrument, 
therefore, will in this manner indicate the difference 
between ihe temperatures of the medium immediatdy 
surrounding the ball P, and that which surrounds the 
ball E. It h from this property of indicating the differ- 
ence of temperature of two adjacent points that the 
instrument has received its name. 

Let M and M', fig. 38., be two concave rcflecton 
Fig. 3B. 




placed face to face at the distance of ten or twelve feet, 
having a certain form called parabolic, the property of 
which we shall now describe: — If the flame of a candle, 
or any other source of light, be placed at a point/, ctStd 
the focus of the mirror M, the rays of light which pro- 
ceed from it in every direction, and strike on the condTB 
surface of the mirror M, will be reflected in parsllel lines 
When theic parallel rtyi ta- 
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counter the surface of the reflector M', they will be again 
reflected by itj in lines which all converge to the same 
pointy, which is the focus of M'. Now, instead of a 
luminous flame, let amadou, gunpowder, or other mat- 
ter easily inflammable, be placed in the focus /, and 
pl&ce a red-hot metallic hall in the other focus/'. In 
a few minutes the amadou or gunpowder will be in> 
flamed or exploded by the heat radiated by the ball, 
and collected at the point/' by the reflectors M M'. 

But to prove that the raye of non-luminous heat are 
similarly reflected, let the red-hot ball be removed, and 
a hollow ball of metal, filled with boiling water, be sub- 
stituted for it at /', let the focal hall of a diSerentiBl 
thermometer be placed at/, instantly the liquid will be 
depressed in the leg of the thermometer, and the pre- 
sence of the source of heat greater than that of the sur- 
rounding medium will be thus indicated. That this souice 
of heat is derived from the vessel of hot water in the 
focus/, may be easily proved. Let this vessel be removed, 
and immediately the liquid in the thermometer wiU rise 
to its ordinary level ; hut it may be said that the effect 
is produced on the thermometer by the heat transmitted 
direct from/* to/ This, however, may be proved not 
to be the case ; for let the hot water be placed as before 
at f, and let the mirror M be removed, the eflfect pro- 
duced on the thermometer will immediately cease. 

The rapidity with which the beat thus radiated from 
/*, and reflected by the mirrors to / is propagated, may 
be shown by interposing between / and /* a screen com- 
posed of any substance not pervious to calorific raya. 
Wticn the screen is thus interposed, the liquid in the 
thermometer will recover its ordinary level ; but the 
moment the screen is again withdrawn, the liquid in- 
atandy falls in the focal leg, and this takes place by 
whatever distance the two mirrors may be separated. 

Of the two hypotheses already mentioned, which 
have been proposed for the explanation of the pheno- 
mena observed in the prismatic spectrum, that which 
supposes tight to consist of three distinct principles 
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teems to be attended with a ruiety of dtcnmstances 
which throw improbability upon it. The three prin- 
ciples thus distinguished enjoy the same leudjng proper, 
ties. They all obey, with the most minute precision, the 
ordinary laws of optics ; and, in fact, possess every pro- 
perty of Ught, except the most proioinent and obvioua 
one of affecting the sight. The other hypothesis, 
on the contrary, has the advantage of great simplicity: 
in it light ii connulered as compounded of a number of 
rays une<]ually refrangible, and possessing, consequentlj', 
different influences on other bodies and on vision. The 
calorific and chemical properties which disappear alter- 
nately 3t the extremities of the spectrum are considered 
as depending on or connected with the difierence of 
refrangibihty, and as becoming insensible, under dif- 
ferent variations, in that property. It is very concdr. 
able that the calorific power of rays may vafy in sonw 
inverse proportion with respect to their refrangibilily, 
while the energy of the chemical power may change 
in a contiary direction. In a word, since all the rays 
refracted by the prism agree in by far the greater niiiii> 
ber of their properties, and disagree only in some peculili 
efiecCa ; and since even this disagreement may be cooii- 
dered more as apparent than real, and may arise from 
the want of sufficient sensibihiy in the tests by whiob 
these effects may be practically ascertained, it seems 
more philosophical to regard all the rays as of one spe- 
cies, than to adopt an hypothesis which classai thiogB 
ahke in all their leading quahties under different deno- 
minationB. It is not, however, necessary to assume 
either supposition, nor to adopt it as the basis of reason- 
ing. Experiment, is the sure and only guide in phydcs; 
and whether heat be obscure and imperceptible light, 
or a distinct physical agent, we shall regard i[ aa a 
principle attended with certain sensible effects, capdile 
of being ascertained by experiment or observation, and 
from such effects, and such only, can legitimate infcr- 
inces be drawn. 
The heat which passea from a body by radiatiim hw 




a tendency to Cftuse its temperBCure to fall; and ttie rate 
of this process of cooling is proportionate to the di%r- 
ence between the temperature of the body and that of 
the aurrouniiing medium, when this difference is not of 
very extreme amount. It follows, then, that a hot body 
at first, when its temperature greatly exceeds that of the 
surrounding air, cools rapidly; but as iU temperature 
fidls, and approaches nearer to equality with the temper- 
ature of the medium in which it is placed, the rate at 
which it cools gradually diminishes. This law of bodies 
cooling was first observed by Newton, and reduced to 
an exact mathematical expression, by which the rates 
of the cooling of bodies under given circumstancea 
might be calculated with precision. Numerous expe- 
riments have been made on the rales at which bodies 
cool in media of lower temperatures, and become hot 
in media of higher temperatures ; and the results of 
olwervation have been found to have a very exact con- 
formity with those which are calculated on tlieNewtonian 
law, provided the diifference of the temperature does not 
exceed a certain limit.* 

As radiation taJces place altogether from the points of 
a body, which are on or very near its surface, it may 
naturally be expected that the radiating power of bodiM 
will mainly depend on the nature of their surfaces. 
This idea suggested to sir John Leslie a series of ex- 
periments which led to some of the most remarkable 
diKOveries ever made respecting the radiation of heat. 
In these experimentB cubical vessels, or canisters of tin, 
were employed, the side of which varied from three 
inches to ten. These vesseU were filled with hot water 
and placed before a tin reflector, M, .jig. SQ., like those 
described in page SOp., in the focus / of which was 
placed the focal ball of a differential thermometer. The 
face of the canister e, containing water, being presented 
to the reflector, rays of heat proceeded directly from it, 
and striking on the reflector M, were collected into the 
fot^s/on the ball of the thermometer. The depression 
■ SseBlot, Tiillide Phjilque, 11*. (IL chip.Z 
z 4i 
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TIk Em owucqiience of these experiments mi * 
VBRSmioaofdwlawalreulf mentioned, that other duDp 
bcug dK nm^lbe intensity of the radiation wualmfi 
P"T*tioMl to the (ltS«rence between the temperstiiK 
sf the water and the temperature of the air. Thn 
nppoae, the Innperature of the air being 50°, chat of iIk 
water 100^, that the thermometer fsll 20" ; then if tbe 
tempetOnre of the aii were the stnie, and the teicper- 
•ture of the water at 150', the thermometer would fall 
■W; and ^ain, if the temperature of tbe water were 
*00^, the tfaermonieter would fall Go", and ea on. 

If. while the temperature of the water remains the 
wne, the canister is placed sDcceEsivelj at different dii- 
luices from the reflector, it is found thai the thermo- 
meier is differently affected ; and that as the distance 
of the radiating surface from the reBector is increased, 
the intensil; of its effect is in the same proportion 
diminished. It was likewise ascertained, that if the 
tnafiliitude of the radiating surface were increased, the 
distance remaining the same, the intensity of the radiatitm 
woald be in the direct proportion of the magnitude of 
the radiating surface. From this it necessarily foliow^i 
that if the magnitude of the radiating surface be in- 

ime proportion as the distance is iiw 
tbe intensity of the radiation will remain the 

ich is gained by the increased magni- 
radiaiing surface as is lost by the incietkied 




distance ; anii accordinglj it was found that the thermo. 
meter vas equally afiected by a gurface of double mag- 
nitude at a double distance, and of triple magnitude at 
a triple distance, and so on. 

We have hitherto supposed that the face of the 
canister is placed parallel to the reflector, so that the 
rays of heat take a direction perpendicular to the radi. 
ating surface ; but if each point of the surface radiates 
heat in all possible directions, it will follow that the 
surface, when presented obliquely to the mirror, will still 
affect the thermometer. When the surface of the ca- 
nister was presented thus obliquely, the effect produced 
on a thermometer was found to be the same as would 
be produced by a surface of less magnitude, in the pro- 
portion of the actual magnitude of the radiating surface 
to that of its projection. It follows, therefore, that the 
more inchned the radiating surface is to the direction of 
the radiation the less will be the intensity of the radi~ 
alion ; but, iti general, this intensity will he diminished 
in the proportion of the actual magnitude of the radiat- 
ing surface, and the magnitude of its orthographical 
projection on the mirror. 

We have hitherto supposed the natttfe of the radi- 
ating surface to remain unaltered. The effect of any 
change in this, however, may be easily ascertained by 
covering the aides of the canister with the different suh- 
itances, the effect of which is required. Thus, let the 
four sides of the canister be coated with different sub. 
itances, — one with lamp black, another with isinglass, 
mother with china ink, and a fourtli left uncoveredj 
and, therefore, presenting a surface of polisheil tin. The 
Teasel being now filled with hot water, all the surfaces 
will acquire the same temperature, and may be sue- 
cegsively presented to the reflector at the same distance; 
they will be observed to prwiuce diflerent effects on the 
thermometer. If the lamp black depresses the liquid 
100°, the china ink will depress it 88°, the islnglas 80°, 
and the tin 19°. The great difference in the radiating 
power produced by the different nature of the surfaces 
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will be hence very apparent. The enquiries of p*. 
fcsKor l*Blie were directed t« this point with great eSset; 
and he found that various substances possessed verj dit 
ferent radiating powers. In general, metallic bodia 
proved to be the most feeble railiatura. The Ibllowiilg 
table eshibita the relative power of radiation of diSenU 
substances, as exhibited in these experiments: — 



Lampblicl: - 


100 


UinglflM 


80 


Water bv estimate 






7S 


Writing paper - 


98 


Tarnistied lead 


45 


Rosm 






ao 


Sealmg »ai 




Clean lead 


19 


Cro*„Bla» . 


90 


Iron polidied - 


15 


Chi.>H bk 


88 


Tin plate 




Ice 


85 


Gold, silver, copper 


19 
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Minim 

When the substance forming the radiating EnirfaK 
remains of the Eame nature, its radiating power u sub- 
ject to considerable elevation, according to its slate wiih 
respect Ui smoothness or roughness. In general, the 
more pohshed and smooth a. surface is, the more feebk 
will be its power of radiation. Any thing which tir. 
Dishes the surface of metal also increases its radiating 
power. In the preceding table tarnished lead radialed 
45°, while clean lead radiated only i9°. If the auriace 
of a body be rendered rough by mechanical means, GQcb 
as scratching with a file, or with sand paper, the radi- 
ating power is increased. 

Leslie also proved that theparticlea forming (he surface 
of a body are not the only ones which radiate, but that 
radiation proceeds from particles at a certain small depth 
within the surface. He determined this curious point 
by covering one side of a vessel containing hot wat« 
with a thin coating of jelly, and putting on anotherdde 
four times the quantity. In each case, when dried, the 
jelly formed an extremely thin film on the surface. 
Now, although the nature of these two surfaces was pre. 
cisely the same with respect to material and smoothness, 
fliey were found to radiate very differently; the thimier 
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film depressed the tbermometer 38°, while the ihidtM 
depressed il oi". The increased radiallon i 
case be alCribBted to the increaseit quaniicj of the ra- 
diating material. The increase of railiadon vas found 
to contlDue uudl the coadng amounted to the thickneis 
of about 1000th part of an inch; after which no further 
increase took place. It might, therefore, be inferred 
that in the case of the surface of jellv, such as that here 
submitted to experiment, the particles radiate beat from 
B depth below the surface equal to the 1000th pait of 
tn inch. A similar eSect was found with other sub- 
stances. In the case of metals, no increase was ob- 
served when leaf metal of gold, silver, and copper was 
used ; but on using glass enamelled with gold a slight 
increase of radiating power was produced, as compared 
with the ordinary radiating power.* 

In these experiments the heat radiated undergoes 
three distinct physical effects: — 1. The railialion from 
the Eurface of the canister. 9. The reflection from the 
surface of the reflector. 3. Absorption by the glass 
surface of the focal ball ; for without Buch absorpUon 
the air included could not be affected. Now of these 
three effects we have hitherto examined but one, vii. the 
radiating power. Let us consider what circumstances 
affect the power of reflecting heal, and the power of 
absorbing it. 

The reflector used in the experiments abeady de- 
scribed was formed of polished titi. If, instead of this, 
a reflector of glass be used, it will be found that the 
thermometer will be affected in a very much less degree; 
from whence we infer that glass is a worse refiector 
than metal. If the surface of the reflector he coated 
with lamp black, all reflection whatever is destroyed, 
and no effect ia' produced on the thermotoeter. Thus 
it appears, that as different surfaces have different ra- 
diating powers, so also they have different reflecting 
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f ewnparcd with the table of Tsdi- 
315., it will be found that, gcne- 
hklk aie the best radiattm lit 
d tier txrfa. In fact, in propM- 
power b increased, the refleeting 
This analog; is farther eaa- 
flnnedh; (he &«, that ibe ledeciing power is incamtd 
hj vtrj iimiiH in m>oatfaiiess or polish of the refleel- 
fng mtftce ; white, en the conitary, this cause, ai n 
hare wm, Aminidtes its radiating power. The dM 
vfcoatiDftdie reflet t oe with a thin film of jelly oroAc 
•ttfaslance has, in nmfomutj with the same ansl<^, eXf 
coDtranr eSeel to that which such a coatingpit' 
«n mdiadoo. It Has found that as the l3 ~ 
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of the coating increased to a certain limit, the intengitjr 
of the radiation was likewise Increased. On the other 
hand, in the case of leflectlon, the intensity of the 
reflection is diminished in proportion as the thickaew 
of the coating is increased. 

Let UE nifw consider the effect produced on the focal 
ball, which will lead us to determine the different powen 
of abgorption which different bodies possess. In all 
the experiments to which we have hitherto alluded, the 
focal ball has presented a polished surface of glass, and 
the effect produced on a thermometer, other thin^ being 
the same, has depended on the absorptive power of the 
glasB over the beat incident upon it. When radiant 
hest strikes on the surface of different substances, we 
have seen that a portion of it is reflected, and that this 
portion varies according to the nature of the substance, 
and according to the state of the surface. It is clear 
that all that portion of the incident heat which is not 
reflected must be absorbed ; and we are led, therefore, 
by analogy to the inference, that in proportion as the 
reflecting power of a surface is great, its absorptive power 
is amall, and vice versi. To bring this inference to the 
teat of experiment, let the ball of a thermometer he 
coated with tin-foil, which was found to be one of the 
best reflectors. If the side of the vessel coated with 
lamp black, while the focal ball h covered with tin-foil, 
be now presented to the reflector, the thermometer will 
only indicate 20°; whereas it indicates 100° when the 
snrface of the hull was uncovered. If the bright aide of 
a canister be presented to the reflector when the focal 
ball is uncovered, the thermometer indicates 12°; hut if 
the focal ball be covered with tin.foil, it will indicate 
only 2^°. Thus we see that the anticipation of theory 
is confirmed. If the surface of the tin.foil be rubbed 
with sand paper, so as to render it rough, and, therefore, 
to diminish its reflecting power, its absorbing power will 
be increased, and the effects on the thermometer will 
be likewise augmented. Like experiments performed 
;0a, Other bodies lead to the gener^ conclusioq, (hat the 
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powoT of bodies increases as the reflecting 
Since the radiating power ofa surfitc 
it inTefsel; tu its reflecting power, it follows, also, that 
die power of absorption is always in ibe same proportlDD 
•s ibe power of radiation. 

In reference to tboir power of transmitting light, bo- 
dies are denominated trampartnt or opaque. A bodj 
whicfa is perrious to Ugbt is said to be Irangparent, and 
one which does not allow Ugbt to pass through it is said 
M be tfOfmt. Transparency is also a quality which tw> 
Am ponos in different degrees - some, such as ghu, 
waHr, or air, being almost perfectly transparent; while 
saA as paper, horn, &c., are imperfectly so. 
■ds us to ei^uite whether bodies are aim 
beat. 

Ik Ae preceding experiments rays of heaC passed 
dkMU^ the atmosphere, which is, therefore, trani- 
pareM to beat. It appears from the experiments of 
Ledie, aud others whidi have been since instituted, dill 
all gists are perrioos to the rays of heal, and equally ta; 
ftr the tadiatioo ofa giren surface is die same, in what- 
ever ^ it tales place. 

Gmcs, therefore, as they hare perfect or nearly per- 
ftet trampareticies for the rays of tight, have the sane 
qnafitj in refereiKe to the rays of beaL A hot body 
plfeoed bdund a solid or a liqtiid is found, howerer, not 
M ndiate scmihly through tbem. But tlie most direct 
■wtbod of Jtuiiiiuning the transparency of bodies fyt 
Ike nn of beat is to inUrpoae a trnm betwetn Ot 
n^Batvpg body and die teflector, in the expenmoit 
', and to obcerve the effect produced n 
by this draunsiaDce. Leahe'a iD*a> 
the property of transpatcncy to heat 
form a rery remarkable part of ihtf 
pUlDMfJwr'a (tiMOTvries. 

DJfltaHil safanaaMs are perrioas by beat in ififlb«t 
mm of diin deal board, placed b«weai 
and the focal ball /. JS$. Sg., produced a 
in the eAct on the tberaiaineter, btitdU 




3ig 

not deEtro; that effect altogether. The heat transmitted 
through the board varied with its thickness, slowly 
diminishing as the thickness increased. The radiation of 
thcBurfaceof the lamp black, which, while unobstructed, 
produced an efiect of 100'^ on the thermometer, pro- 
duced an effect of 20° when a deal board the eiglith of 
an inch thick was interposed. It produced an effect of 
15° when the thickness was three eights of an inch, 
and an effect of 9° when the board was an inch thick. 
A pane of glaaa interposed reduced the effect of the 
radiation by the surface of lamp black from 100° 
to 20°. 

The distance of the screen from the canister was also 
found to produce a considerable effect on its transpa- 
rency. When placed near the canister, a considerable 
quantity of heat was transmitted; but if the distance 
iras increased, the quantity of heat transmitted di- 
minished. A pane of glass at the distance of two 
inches redu^d tiie effect of radiation from 100" to 20°. 
Ab ita distance from the radiating surface was slowly 
increased, the effect on the thermometer was gradually 
diininished ; and at the distance of one foot from the 
radiating surface all e&ct of radiation was destroyed. 

It appeared that the metals, even when reduced to an 
^b«me degree of tenuity, were absolutely opaque to 
heat. A screen of tin-foil absolutely intercepted all ra- 
diation. The thinnest gold leaves, 300,000 of which 
piled one upon another would not measure more than 
an inch, also absolutely stopped the rays of heat. White 
paper is partially opaque. 

It appears, generally, that the bodies which intercept 
heat most effectually are those which radiate heat n 
and vice vertiS. This, indeed, might easily have been 
anticipated from what has been already proved of reSec- 
tion. The screens which are the best reflectors are the 
wont radiators, and must evidently he also most power- 
ftil in intercepting heat ; for if they reflect much they 
can transmit but little. 

Some other effects, which Leslie observed in hia 
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of heal would seem to depend on the temperature of the 
radiating body, and U> increase with that temperature. 

The resultB of the preceding experimenta, and, indeed, 
all the phenomena connected with the radiation of heat, 
are satisfactorily explained by the theory of exchanges, 
first propoted by Prevost, of Geneva. According to 
this theory, every point at and near the surfaces of bo- 
dies is r^arded as a centre, from which rays of heat 
diverge in aU directions. The surfaces also reflect rays 
of heat incident upon them, in a greater or less degree, 
according to their reflecting power, and according to 
die law which governs the reflection of rays of 
iig^t. The particles of surfaces also possess the power 
of absorbing, in a greater or less degree, rays of heat 
striking on a body, and reflected or radiated by the 
Other bodies around. Thus every body, go far as re. 
gards heat, is constantly under the operation of three dis- 
tinct processes, — it radiates, reflects, and absorbs. It 
fbOowB from this, that between bodies which are placed 
in each other's neighbourhood, there must be a constant 
interchange of heat. The heat which is radiated by one 
body strikes on others i part of it is absorbed by them, 
and is retained within their dimensions, so as to raise 
their temperature, while another part is reflected, and 
strikes on other bo<iiea, where it is subject to like effects. 
The body which radiates heat in this manner is, at the 
same time, receiving on its surface rays of heat which 
proceed from other bodies in its neighbourhood; and 
these rays of heat are subject to the same eJFects on its 
BUiface as the rays which proceed from it encounter on 
the surfaces of other bodies, — they are partly absorbed, 
and partly reflected. 

Jl a body raised to a high temperature be placed in 
the neighbourhood of other bodies at a lower temper- 
■Cure, it will radiate a greater quantity of heat than the 
bodies which surround it ; consequently the heat which 
it receives from them will be less than the heat which 
it transmits to them. They will receive more heat 
tfaan ^Mj give, and it will give more lieat than it re- 
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ceives ; the temperature, thereftire, of ihe bot bodj mil 
grtdually fall, wliile the temperature of the roiTOim£ng 
bodies will gradually rise. This will con tinne niitil the 
tenperatutcs of the bodies are equalised. Thrai ihc 
heat radiated by each of them will be exactly apti 
to the heat absorbed, and the temperature will remain 
■tatiouary. 

It has appeared, from the result of direct esperiroail, 
^at the bodies which are the best radiators are also the 
best absorbers of heat. This would follow as a nefet. 
sary consequence of the theory which has been jiut ex- 
plained. If a body which is a powerful radiatorwere 
at the same time a bad absorber, the consequence would 
be that it would radiate heat faster than it would aliiotb 
It; consequently its temperature would continually M, 
«nd this depression of temperature would continue widb 
out any limit. Now this is not supported by observ- 
ation. It therefore follows, as a necessary consequenee, 
that the power of radiation in every body rausl be 
equal to its power of abMrption. 

It has likewise appeared, that the best reflecton m 
the worst radiators, This efiect might likewise ke 
foreseen on the principle of the theory just explained 
A good reflector is a body which reflects the ^mnc^ 
part of the rays of heat which strike upon it. NowAe 
heat which is incident on a hotly must he nther refleefed 
or absorbed, and whatever portion of it is not reflecttd 
must be absorbed. If, therefore, a great part be ie> 
flecteil, a proportionally small part remains to Ik 
absorbed ; consequently it follows, that in the Mine pnr- 
portion as a body is a good reflector it must be a kid 
absorber ; and, vice vertd, if it be a bad reflector it 
must in proportion be a good absorber. But it neofl- 
sarily follows, if a body be a powerful absorber of belt 
that it must also be a powerful radiator of heat, ftt 
otherwise its temperature would rise indefinitely by the 
best which it absorbs accumulating in it, and not being 
Tied off by radiation. A good reflector, therefoft, 
will be a bad radiator^ and trice vergd. • 
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In the experiments of Leslie witli the concave re- 
flector, our attention was only directed to the radiation 
of tbe hot surface, and we considered only the rays 
which, proceeding from it, were collected on the bulb 
of a thermometer by the concave reflector. It might 
sppettr to follow, from an extension of this experiment, 
that bodies radiate cold as well as heat. Let one of the 
-cubical vessels used by Leslie in his experiment be fiUed 
with snow, and placed before a reflector. Immediately 
&e focal ball of the differential thermometer placed in 
the focus will exhibit a rapid ilepresaion of temperature. 
Are we, therefore, to suppose in this case, that rags of 
toU proceed from the face of the vessel, and are collected 
on the hall of the thermometer ? On the contrary, it 
hw appeared from previous investigation, that no body 
ii perfectly destitute of heat, and that snow itself, as 
weU as mixtures much colder than it, are capable of 
imparting beat to other bodies, and therefore possess 
heat in them. The surface, therefore, of a vessel con- 
taining snow, in this case radiates heat, and these rays 
of heat are collected on the bulb of tbe thermometer in 
the same manner as when that vessel was flUed with 
boiling water. The bulb of the thermometer, however, 
itself, like bU other bwiies, radiates heat, and tUs heat 
is reflected by tbe concave reflector towards the surface 
of the vessel containing the snow. The two bodies, 
therefore, are radiating heat towards each other, but tbe 
bulb of tbe thermometer havinj; the higher temperature, 
Tsdiates more heat than it receives, while the surface of 
die vessel containing the snow receives more heat than 
it Tadiates. The thermometer, therefore, gradually falls 
!n its temperature, while the vessel containing the snow 
gradually rises. 

In the experiment with the concave reflector described 
ID fogfi 309, the hot body placed in one focus, and the 
blllb of the thermometer placed in the other, are both 
radiators and absorbers of heat; the hot body radiates 
heat to the bulb, and the bidb radiates beat to it. The 
hot body absorbs the heat which is radiated by the 
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and die bulb absorbs the heat radiated by iht. 
But the hot bod; radiitiing more heat than 
necenariljT absorbs less, consequently the letnperatmc' 
this body graiiuoUy falls, while that of the bulb of Ae 
thermometer liscs. Let us now suppose that ioslMdtf 
a hot body, a globe of snow be placed in the faearf 
the reflector, the bulb of !he thermoraetei baring »' 
higher temperature, will radiate more heal thia it lb 
ceives from the snow, and it will become a hot bD^, 
relatirely lo the snow. Since, therefore, it radiates inM . 
heal than it absorbs, its temperature will fall oDtfl ir 
becomes equal to that of the snow ; the interchange -if 
heat being then eqnal, no further alteration in tempcn. 
tUure will take place. - 1 

Numerous facts, of ordinary occurrence, and d 
interesting natural phenomeua, admit of easy and ■ 
factory explanation on the principle of the above th 
of radiation. 

Vessels intended to contain a liquid at a higher t 
pereture than the surrounding medium, and to keep! 
liquid as long as possible at the bighe 
(honld be constructed of materials which are the wotf 
tadialois of heat. Thus, tea-urns, and tea-pots, areb^l 
adapted for their purpose when constructed of polidrfl 
metal, and worst when constructed of black porceUK 
A black porcelain tea-pot is the worst conceivable mfc 
terial for that vessel, for both its material and cokw 
ar« good radiators of heat, and the liquid contained il 
it coob with the greatest possible rapidity. On the otts 
band, a bright toetal tea-pot is best adapted for the paR> 
pose, beewue it is the worst radiator of heal, and, duib 
fuv. rools aa slowly as possible. A polished silver •( 
is better adapted to retain the heat tt 
I one of a doll brown colour, such ■ it 
HMCt comraonly used. 

1 kettle tetains the heal of water boiled in it nMI 

r if it b« kept dean and polished than if it bt 

io nUect the »a>Jk» an^ «ia>.^ to which it fe 

ibe MWyn o( tint ftie- "'S\«tt 
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tbis, itGsurfece becomes rough and blac:k,aiid U a power. 
fU radiator of heat. 

A Eet of polished fire-irant; may remain for a long 
time in front of a hot fire without receiving from it nny 
increase of temperature beyond that of the chamber, 
because the heat radiated by the fire is all reflected by 
die polished surface of the irons, and none of it is ab- 
sorbed ; but, if a Bet of rongh, unpoUahed irons were 
similarly placed they would speedily become hot, so that 
they could not be use<l without inconvenience. The 
polish of fire-irons is, therefore, not merely a matter of 
ornament, but of UBe and convenience. The rough, 
unpolished poker, sometimea used in a kitchen, soon be- 
comes so hot that it cannot be held without pain. 

A close stove, intended to warm an apartment, should 
not have a poUahed surface, for in that case it ia one of 
the worst radiators of heat, and nothing could be con- 
trived more unfit for the purpose lo which it is applied. 
On the other hand, a rough, unpolished surface of cast 
inm is favourable Co radiation, and a fire in such a stove 
will always produce a more powerful effect, 

A metal helmet and cuirass, worn by some of our 
itgimenCs of cavalry, is a cooler dress than might be at 
first imagined. The polished metal being a nearly per- 
fect reflector of heat, throws off the rays of the sun, and 
ia incapable of being raised to an inconvenient temper- 
ature. Its temperature is much leas increased by the 
influence of the sun than that of common clothing. 

The polished surfaces of different parts of the steam 
engine, especially of the cylinder, is not matter of mere 
ornament, but of essential utility. A rough metal sur- 
fkce would be a much better radiator of heat than the 
polished surface, and if rust were collected on it, its 
rftdiating power would be still further increaEed, and 
the steam contained in it would be more exposed to 
condensation by loss of heat. 

It may be frequently observed, that a depoeition of 
e has taken place on the interior surface of the 
a of glass of a chamber window on a morning which 
>■ V 3 
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sateteie a cold night. The teroperanue of the cxtmul 
air dvrmg the night being colder than the atmaqriKie 
of the chamher, it cammunicUes its tnaperatDre to die 
enmiil aurface of the glass, and thia is muBitted tt 
ibe toterior surface, nhich Is exposed to dw atmoqdtec 
of the room. This atmosphere is tlirays, miir« or le«, 
charged with vapour, and the cold of the Jnlenul eqt. 
fktx of the glass, acting on the aii in contact with it, 
mlaces tta tetaperatuie below the point of saturatiMi, 
mi a CMuleniatian of vapour takes place on the mrfoce 
«f (be panes, which is obserred by a copious depostjon 
ofiMHsnire in the morning. If the temperature of the 
extnaal aii be at or below the freezing point, thia dc- 
poslioD will form a rongh coating of ice on the pant. 
Let a small piece of tin foil be fiieil on a part of the tf. 
Urnor torface of one p^ne of the window in the crening, 
■od let another piece of tin foil be fixed on a part of ^ 
■■tvwr surface of anothw pane. In the morningitwiD 
be fimnd that that part of die inierior nirfsce wliidi it 
eppovte to the externa] foil will be nearly free fiau 
ice, while every other part of the same pane will be 
thickly covered «ilh it. On the contrary. It will be 
foond that the lurface of the internal tin foil will b« 
more thickly covered nith ice than any other part of die 
^aM. These effects are easily explained by the p ' 
diile of radiation. Itlien the tin foil is placed on 
CKleriar surface it reflects the heal which strikes on d» 
mtenor surface, and protect that part of the glass wl 
is rarered from its acttoa. The heat radiated fnm 
the objeetx in the room strikiiig on the surface of d» 
l^ass. penetrates it, and enconntering the tin foil attadied 
M the esiwior snrftce, is reflected by it ihrongb the 
■Itmensions of the glass, and its escape into the external 
■imosphen- is inlnrepted ; the portion of the gliH, 
thri^ore. cx>T<ered by the tin foil, is, in this eaae, enlv 
jcct to ihe action of the heal radiated from the chamber, 
but pivtrctcd from the action of the external heat. Tbe 
lni))icniture of that part of the glasi is therefore tctt 
d by tbe efecu of the cxtenul atmo^hcte 4m 



the temperature of those parts which are not covered 
by the tin foiL Now, glais being, as will appear here- 
after, a bad conductor of heat, the temperature of that 
part opposite to the tin foil doed not immediately sffbct 
the remainder of the pane, and, consequently, we find 
that while the remainder of the interior surface of the 
pane is thickly covered with ice, the portion opposite 
the tin foil ifl comparatively free from it. On the con- 
trary, when the tin foil is placed on the internal am^ace, 
it reflects powerfully the heat radiated from the objects 
in the room, while it admits through the dimensions of 
the glass, the heat proceeding from the external atmo- 
sphere. The portion of the glass, therefore, covered by 
the tin foil, becomes colder than any other part of the 
pane, and the tin foil itself receives the same temper- 
ature, which is not reduced by the effect of the radiation 
of ohjects in the room, because the tin foil itself is a 
good reflector of heat, and a bad absorber. Hence the 
tin foil presents a colder surface to the atmosphere of 
the room than any other part of the surface of the pane, 
and, consequently, receives a more abundant deposition 
Of ice. 

If a body, which is a good radiator of heat, be ex- 
posed in a situation where other good radiators are not 
present, it will have a tendency to fall in its temperature 
below the temperature of the surrounding medium; 
because, in this case, while it loses heat by its own 
radiation, its absorbing power is not satisfied by a cor- 
lesponding supply of heat from other objects. A clear 
sky. In the absence of the sun, has scarcely any sensible 
nadiatioii of heat : if, therefore, a good radiator be ex- 
posed to the aspect of an unclouded finnament at 
night, it will lose heat considerably by its own radia- 
tioD, and will receive no corresponding portion from the 
radiation of the firmament to repair this loss, and its 
temperature conscquendy will fall. 

A curious experiment made by Dufay affords a strik- 
ing illustration of this fact. He exposed a glass cup, 
lilMed in a silver basin, to the atmosphere during a cold 
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night, and he found in the morning a copious depo- 
rition of moiature on the glass, while the silver verad 
remained perfectly dry. He next reversed the eiipai. 
ment, and exposed a silver cup in a glass ba^n. The 
resolt was the same : the glass viae still coveted with 
inoiiture, and the metal free from it. Now metal it * 
bad nuliator of heal, and, consequently, has a tendency 

I to preserve its temperature. Glass is a much betttr 
radiator, and has, tlierefore, a tendency U) lose its tem- 
perature. These vessels being exposed lo the aspect rf 
B clear akj, received no considerable rays of heal » 
supply the loss Eustained by their radiation. This low 
in the metal was inconsiderable; and, therefore, it 
maintained its temperature nearly or altogether equl 
lo that of the air ; the glass, however, radiating mine 
ahimdantly, and absorbing little, suffers a depreBsiim of 
temperature. The glass, therefore, presented a cold 
.surface to the air contiguous to it, and reduced the 
temperature of that air, until it attained that tempera, 
ture at nhich it was below a stale of saturation viA 
respect to the vapour with which it was charged; t 
tleposition of vapour, therefore, took place on the glsM. 
This discovery of Dufay remained a barren fact, nn^ 
the attention of Dr. Wells was directed to the sabjeeL 
The result of his enquiries was, the discovery of the 
cause of the phenomena of dew, and aSbrds one of the 
most beautiful instances of inductive reasoning which 
any part of the history of physical discovery hsi pie« 
sented. Dr. Wells argued, that as a clear and doudlHi 
sky radiates little or no heat towards the surface of tto 
earth, all objects placed on the surface, which are good 
radiators, must necessarily fall in temperature dminS 
the night, if they be in a situation in which they tie 
not exposed to the radiation of other ol^ects in tboT 
neighbourhood. Grass, and other products of vegetaliaPi 
are in general good radiators of heat. The vegeUtitf 
which covers the surface of the ground in an opev 
champaign country on a clear night, will, thereto^ 

I undergo a depretaion of temperature] because it aili 



absoib less heat than it radiates. This fact was ascer- 
tained by direct experiment, both by Or. Wells and 
Mr. Sin. A thermometer laid on a grass plat on a clcsr 
night, was observed to sink even so much as 20° below 
another thermometer suspended at some height above 
the ground. The vegetables which thus acquire a lower 
temperature than the atmosphere, reduce [he air imme- 
diately contiguous to them to a temperature below sa- 
tui^tion, and a proportionately copious condensation of 
vapour takes place, and a deposition of dew is formed 
on the leaves and flowers of all vegetables. In fact, 
every object, in proportion as it Ib a good radiator, re- 
oeives a deposition of moisture. On the other hand, 
Oitigecta which are bad radiators are observed to be free 
trtua it. Blades of grass sustain large pellucid dew 
diope, while the naked soil in their neighbourhood is 
fee from them, 

In the close and sheltereil streets of cities, the de- 
position of dew is very rarely observed, because there 
the objects are necessarily exposed to each other's radi- 
ation, and an interchange of heat takes place which 
maintains them at s temperature uniform with that of 
(he air. A deposition of dew, in this case, can only 
lake place when the natural temperatiu^ of the air falla 
belon its point of saturation. 

In an obscure cloudy night no deposition of dew takes 
place; because, in this case, although the vegetable pro. 
ductions radiate heat as powerfully as before, yet the 
clcHlds are also radiators, and they transmit heat, which 
being absorbed by the vegetables, their temperature is 
prevented from sinking much below that of the « 
^here. 

The process by which artiiicial ice is produced in 
India affords another example of the application of tiiia 
principle. A position is selected where the ground is 
not exposed to the radiation of surrounding objects : a 
quantity of dry straw being itrewedon the ground, water 
ia placed in fiat unvarnished earthen pans, so as to ex- 
poie aa extensive surface to the heavens ; the straw 
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being a bad conductor of heat, intercepts all supply tt 
heat which the water might receive from the ground; a 
the porous nature of the pans allowing a portion of tbe 
water to penetrate them, produces a rapid evaporatiDD, 
by which a considerable quantity of the heat of the 
water is carried off in the latent state with the rapoui, 
At the same time, the surface of the water radiates hell 
upwanls, while it receives no corresponding supply fron 
my olhex radiator above it. Thus heat is disniifaed bj 
evaporation and radiation ; and, at the same tinM, 
there is no corresponding supply received either trom 
the earth below, or from the heavens above. The tem- 
perature of the water contained in ihe pans is 1 
graduaUy (Uminished, and at length attains the freeibig 
ptxoU In the morning the water is fotind frocen in 
the pans ; it is then collected and placed in cavet sm- 
rounded with straw, which being a bad conductor of 
beat, prevents any communication of heat trom without 
by which the ice might be hquelied. In this way ioo 
■nay be preserved during the hotteet seasoDs, for ibi 
purposes of use or luxury. 






PBOPACATION OF BBAT BY COKTAOT. 



O Bolid bodies, having different temperatures, be 
placed in close contact, it will be observed that the 
hotter body will gradually fall in temperature, and the 
colder grajluaUyrise, until the CemperatureE become equal. 
This process is not, like radiation, sudden, but very 
gradual ; the colder bmiy receives increased temperature 
slowly, and the hotter loses it at the same rate. Dif- 
ferent bodies, however, exhibit a different facility in. 
this gradual transmission of heat by contact. In some 
it passes more rapidly from the hotter to the colder j 
and in oCherti, the equalisation of temperature is not 
produced until alter the lapse of a considerable time. 

Thia quahty in bo<lies, by which heat passes from 
one to the other through their dimensions, is called their 
conducting pomer, and the heat thus transmitted is said 
to be conducted by the body. One body is said to be a 
better conductor ian another, when the equalisation of 
temperature is effected more speedily ; and when the 
equalisation is accomphshed slowly, die body is said 10 
he a bad conductor. 

To make this process more intelligible, let us suppoae 
A, Jig. 4 1 . a small square block of red-hot iron, and let 
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B C be a bar of brass, the section of which is square. 
Let the extremity, B, be placed close against the block 
A, and let a screen, S, piei'Ce<l by B C, be placed so as 
to intercept the effect of radiation from A. Let thermo. 
meteni t, t', &c., be inserted at difierent points of ths 
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lar B C, in mall 

I take the 

penmre af 6te bar, nd wiO cauManiate it to cteb 
dunum^ar facoeaciTelj. BdiMC dte bar is placed in 
eootaet with tbe icd-bot Uoek A, d>e thermoiDeteii 
will aD indicate the same tanpemtme. At the IIhI 
notneDt wfacm tbe bar is placed in cmtact with A, hom 
(f dte tknnometEn will be afiected bf it ; bul, aftff 
die lapce of a thoit time, the fim themianieier, (, wjB 
he obserred to rise slowly ; after attotber tnterral, At 
thennometer, r*, will begin lobe tSeeted; and theodta 
dtennotneten, after like iDtemb, wiU be sttccesai^ 
sflected in tbe same way ; bat the dtonuKiieter (, I7 
antininiig to rise, will indicate a fai^io' tempentntf 
than f , and I' a higb^ tetnpentttie than t", and so <B- 
After the lapse of a c«iisiderable time, the 
of all tbe thetraotaeleTs will fae the same 
block A be observed, it will be fotuid 10 hare (be COk 
HKKi temperature indicated by all the ihermomettn. 

It appears, from this experimeot, thai the pi o pi galldl 
t£ heat in this mauDei through the dimermont d At 
bar, is very slow ; and it would seem to take pla«e ftw 
partide to particle of the matter compcong the kK 
Tbe first panicle in contact with the eonrce of be« 
acquires a certain temperature ; this being grealB- An 
Ae contiguous particles, an interchange takes place be- 
tween the two, on a principle exactly dmilar to tbe in- 
terchange of heat by radiation. In fact, two 1 
particles tn this case may be regarded, under the : 
circumstaDces, as two bodies hating difienent tempa- 
i placed in (he foci of the two reflecton, jGf. 38. 
In that case, the hotter body radiated beat on the mUb, 
and the colder on tbe hotter in unequal quantitiea, HBd 
dieir temperatures were equalised. Every two tatat' 
live particles in the bar B C, be^tining from tbe snoM 
of h^t, appear to act on each other in the same war. 

Let • number of baiB of diilerent substances, of equal 

dimensions, be successively expoied in this manner to 

e source of beat, and let tbennometera be ^ 
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o similar points in them : it will be found, that 
e situation on different ban, 
11, after the lapse of the same time from the com- 
ncement of the contact, be diSerently a&ected. In 
Me bars which are good conductors, the thermometer 
11 be more elevated than in those which are bad con- 
Etars ; and, in general, the conducting power of the 
Ferent bars nmy be estimated by the effect produced 
thermometers at a given distance from the soorce of 
It, after the lapse of a given time. 
In experiments of this nature it is, however, necea- 
•f to guard against the effects of radiation ; becanae 
two different bars radiate diSerently, it is passible 
it the indications of the thermolneter may be go in- 
fered with by their different powers of radiation, that 
ir conducting power cannot with certainly be in- 
ed. In a course of experiments instituted on this 
gect by Despretz, he employed bars of the same size 
'ered with a coaling of varnish. Heat was applied 
a lamp at one end, and its progress along the bar 
Icsted by a thermometer at the other : the lamp was 
iljed until its utmost effect on the thermometer was 
ertained ,- and the greatest heat to which the ther- 
meter coidd thus be raised by the effect of the lamp, 
9 taken as the measure of the conducting power of 
! bar. The following table exhibits the results of 
Bpretz's esperimenis on different substances: — 



Gold 

Platinum 
Silver 

Jron 
Zinc 

Tin 
Lead 
Marble 
Porcelain 
Brick earth 



100 
98-1 

97-3 
89-82 
37-4.1 
36-37 
30-38 
17-96 

1-23 
1-13 




From thU table it ie obvious, diat the metali at 
by far the beat conductors of heat, and that the cod- 
dncting power of earthy substance* ia prodigicnidj 
inferior. 

Similar experimentB vrete made on different specietof 
wooil, by MM. A- Delarive and A. Decandolle. From 
these experiments it appears, that generally the mcK 
dense woods are those which conduct heat beat. Ttdi 
nile, however, is not invariable, for the conducting 
power of nut wood waB found to be considerably greater 
than that of oak. It was also found, that heat vts 
better conducted in the direction of the fibres than ftcroa 

In bodies of the same kind, the rate at which heil it 
conducted from the hotter to the colder, depends ai 
the extent of the surface of contact, and is proportiolid 
to that surface. Thus, if two spheres or balla of nwtil 
at different temperatures, be placed in contact, they wiB 
touch only in a single point, and the transmisaiisi of 
heat will be extremely slow ; but if two cubes of flie 
•ame metal be placed face to face, their surface of Mn- 
tact will be considerable, and the transition of heMirfl 
he proportionally rapid. 

Bodies of a porous, soft, or spongy texture, ud (^ 
pecially those of a fibrous nature, such as wool, feBtbcM^ 
fnr, &c., are the worst conductors of heat. Sod « 
body may be placed in contact with another body of I 
much higher or a much lower temperature than itadf, 
without exhibiting any change of temperature for t 
long period of time. 

From what has been above explained, it appears thai, 
besides a tendency to equilibrium of temperature, whicii 
■rises from the interchange of heat by radiation, bodies 
have a like tendency to calorific equilibrium by the 
transmission of heat by contact. After the lapse oft 
sufficient time, every livo bodies in contact distribute 
between them the heat they contain in such portioni u 
to render their temperatures equal. The manner in 
'hich this effect is generally produced in -Uquidt isd 
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gsaea differs, however, mBteriaUy from the nature of the 
proceaE in eoliils. The coimlituiint patticlea of Eolid 
bodies being incapable of changing their mutual posi. 
Cion and arrangement, the heat can only pass through 
them from particle to particle by a slow process ; but 
when the particles forming any stratum of a liquid aie 
heated, their mass expanding becomes lighter, bulk 
for bulk, than the stratum immediately above it, and 
ascends, allowing the Kuperior strata to descend. Thus, 
a source of heat applied to the botwrn of a vessel con. 
taining a liquid, immediately causes the liquid near the 
bottom to form an upward current, while the superior 
liquid forms a downward one; and a constant series of 
currents upwards and downwards is thus established. 
The portion of the liquid which receives heat below is 
thus continually mixed through the other parts, and the 
heat is diffused by the motion of the particles among 
each other. The same effect takes place in gases. If 
■ lower stratum be heated, it acquires a tendency to 
ascend to the higher, and the colder strata descend. 

If, however, heat be applied to the highest stratum 
of the hquid, this effect cannot ensue ; and It is found 
that in this case the particles maintaining their mutual 
arrangement, the tranamission of heat takes place in the 
■ame manner as if the liquid were solid. In fact, the 
beat Ib in this cose conducted through the liquid. U- 
qoids in this manner are observed to have extremely 
low conducting powers, — so low that for a long period 
they were supposed lo be altogether incapable of con- 
ducting heat. They have been ascertained by experi- 
ment, however, not to be altogether destitute of the 
power of conduction. 

Let a small quantity of spirits of wine be poiu'ed on 
the surface of water at the temperature of 32°, and let 
a thermometer be immersed in the water at a small 
depth bebw the common surface of the water and 
spirits : let the spirits be now inflamed and caused to 
bum on the surface of the water. After the lapse of a 
q^Koderable time the thermometer will show a very 
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■light iodicuion of increased temperalure, by the dowo. 
ward tranBiuiuion of h«at from th^ burning gpirilt. 

This anil other esperiments of a like nature are <E- 
trenielf difficult of management, and very unceruiain 
their results, ll often happens that the elevation it 
the lliermometer is caused by currents of the liquid 
produced by heat conducted downwards by the Etdeacf 
the vessels conl^ning the liquid. Although the liquid 
itself may fail to conduct the heat downwards, yet ik 
tcskI containing it, having a better conducting powff, 
will transmit the heat to inferior strata of tbe liqtud, 
mnd currents may thus to a certain txteni be eaublidied. 
An ingenious method of evaiiing this difficulty waitog- 
gested by Mr. Murray, who conducted the experimest 
in vessels composed of ice. The heat received by ibe 
siiles of the vessel was in this caae enpended in ibt 
liquefaction of the ice, and had no tendency, tberefoi^ 
to disturb the result of tbe investigadon. 

Tbe process of cooling which a hot body undergncs 
when suspended in air, is chiefly owing to the raditiiDii 
ttf heat from its surface; but another cause of the dimi- 
nution of heat conspires with this. The particln of 
air in contact with the surface of the body receive bert 
from it ; and thus becoming sjiecifically lighter by 
their dilatation, ascend, and give place to otben n 
which a like effect is produced. Thus, heat is impatled 
constantly to fresh portions of tbe air, and carried offby 
them, If a hot body be suspended in a liquid, lliepi^ 
cess of its cooling is alt/^ther produced by thia nMH; 
for in that case no radiation takes place. 

The covering of wool and feathers, which nature iM 
provided for tbe inferior classes of animals, his tpi^ 
perty of conducting heat very imperfectly; and hcoK 
it has the effect of keeping the body cool in hot waAiM, 
and irarni in cold weather. The heat which i* pM- 
duced by powers provided in the animal economy wiltiiK 
the body has a tendency, when in a cold atmosphere, 
to escape faster than it is generated ; the covering, being 
ui.conductor, intercepts it, and ' 
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Man is endowed, with faculties which enable hiin to 
fahricat« for himself covering similar to that with which 
nature has provided other animals. Clothes are, gene- 
rally, composed of some light non-conducting substances, 
which protect the body from the inclement heat or cold 
of the external air. In summer, clothing Iteeps the body 
cool; and in winter, warm. Woollen substances are 
worse conductors than those composed of cotton or Itnen. 
A flannel shirt more effectually intercepts heat than a 
linen or a cotton one ; and, whether in warm or in 
cold cliniales, attains the end of clothing mote efleotu- 
ally. 

If we would preserve ice from melting, the moat 
effeetual means would be to wrap it in blankets, which 
would retard for a long time the approach of heat to U { 
irom any external source. 

Glass and porcelain are slow conductors of heat; and 
hence may be explained the fact, that vessels formed of 
this material are frequently broken by suddenly intro- 
ducing boiling water into them. If a small quantity 
of boiling water be poured into a thick glass tumbler, 
llie bottom, with which thewater first comes into contact, 
is suddenly heated, and it expands ; but the heat, passing 
very slowly through it, fails to alfect the upper part of 
the vessel, which, therefore, undergoes no corresponding 
expansion : the lower part enlarging, while the upper I 
part remains unaltered, a crack is produced, which | 
detaches the bottom of the tumbler from the uppe 

In the construction of an icehouse, the walls, roof, { 
and floor should be surrountlcd with some substaneejJ 
which conducts heat imperfectly. A Uning of strai*)! 
matting, or of woollen blankets, will answer this pur- 
pose. Air being a bad conductor of heal, the building. J 
is sometimes constructed with double walls, having a>l 
space between them. The ice is thus surrounded by a 
wall of air as it were, which is, in a great depree, ira. 
penetrable by heat, provided no source of radiation be 
ftesenL Fumitcea intended to heat asu\mc:tL^%.i&tf;t^^ 
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be luiioiiiided. with ij o n - c o n dnctiiig inliilimiei;^ to pie- 
reui the wnte of heat. 

When wine-ooofen are ftnned of a double CHmg, 
the i|Moe bet w ee n may be fiDed widi some son-oon- 
dncting nbatanoe, such as powdered diarooal, or wool; 
or it nay be kit merdy fiDed widi air. 



Thb whole body of natural phenomena in which the 
effects of heat and light are concerned, demonstrate an 
intimate physical connection between these agents. 
Sunlight is warm, the Ught of red coals is warm, and 
the more brilliant light of flame excites still more in- 
tense heat. If every degree of light were productiTe 
of heat, and, reciprocally, every degree of heat productive 
of light, we should not hesitate to infer that heat and 
light are two distinct effects of the siime physical prin- 
ciple; and such an inference would be corroborated, if 
it appeared that the energy of the luminous and c Jo- 
rific effects were proportionate to each other, the most 
brilliant light always producing the most intense heat, 
and the most fierce temperatures always accomjianied by 
the strongest illuminating power. 

Some of the more obvious phenomena countenance 
these views. All the ordinary sources of light are also 
sources of heat; and, by whatever artificial means natural 
light is condensed, so as to increase its splendour, the 
heat which it produces is at the sime time rendered 
more intense. The direct rays of the sun, playing on 
the bulb of a thermometer, will elevate its temperalore 
to a certain extent ; but if a certain number of these 
lays be concentrated on the same bulb by a concave 
reflector, or burning-lens, then the elevation of temper. 
ature will be much more sudden and extensive. These, ■ 
however, are only the flral and more prominent efibcta 
which obtrude themselves on our observation. It re- 
quires little attention to the phenomena of nature, 
much less lo those which are exliibited by the processM 
of science and art, to discover that the heat which a 
companies Ught is not always proportionate to t 
splendour of the light ; and, further, thai heal ot ci 
■JAaa hfe incensity, both as regards U "' 



iftcB, md the EeDEUicin it produces, taaj be dtba 
conpaiiied bf lighl, cr, a.t least, if ll 
c G^l, tfce iauruat; of that light is so Email u U 
ke bdMw tlif liinil of ttie saudtallty of the eye. 

Tbe &et of ilie existence of beat unaccompaoied b; 
HV wnaUe degree of light, and of ligbt uoaccOB. 
fBtieil hj tnj wn»ble degree of heat, on the one ti 
md of «n exiemdre and complicated group of propn- 
" 'i ligbt and beat agree in their phyaid 
i»e gisen rise to two distinct bypoduai 
g the Batnre of these principles. By the ow, 
dir^ ue Rf^uiled as distinct physical agents, t " ' 
c^iay wme common properties; while in the oihetllti; 
we wtBmintA to be the Eame principle majiifcsting ill 
in £flb«it ways, according to Uie property whicli, 
andcs- diSbfent drcum stances, acts with the grettol 
degree of «>ei^. We shall state the details of tkte 
dtecncs more foUy in a sabseqaent chapter. Our ob- 
jnt, U ptcseoi, shall be confined to the slateroeDl of 
Ac pnndpal eS^rts upon which one or the other lliemj 
most be founded, and which any theory must eipliiii 
befbre its vilidity can be admitted. 

If be« be communicaled to sohd bodies which IR 
diEciilt of fosioQ, it h observed that, after having 
absoAed a certain quantity, they begia to h 
laminons. If the process he conducted in a 
chamber, the bod; will gradoallj begin to be visiUe bt 
emitting ■ dull, r«d UghL This lominons quality gii' 
dually increases as the body absorbs heat, and at Icnglh 
it emits sofficientlight to render the surrounding oljectt 
viable, and the colour of the light changes from n 
obscure dusky red gradually to the colour of blicbl 
red. The body is then said, in common Uagnagn K 
be mf W. If the communication of heat be stfll c< 
tinaed, the colour of the light will change to an iWH, 
and subsequently will become yellow. If the tppih 
cation of beat be still further continued, it will, 
length, emit a clear white hght, the colour of n 
light : the body is then said to be irAite iot. 
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The state in which a heated body, naturally in. 
icapafale of emitting light, becomes lurainous, is called a 
i^tate at incandearence. The term ignilmn is sometimes 
applied to this state, but the former term is preferable; 
lUnce ignition is sometimes used to express the com- 
mencement of inflammation or combustion, which is a 
process of a totally different nature. 

The Icmprature at which a body becomes incan- 
descent is extremely difficult to be ascertained with 
. ^Kactness, being beyond the reach of the mercurial 
thermometer. The uncertainty of the indications of 
pyrometera, and other means by which fierce temper- 
atures are measured, has been before noticed. There 
txe, however, some circumstances which render it pro. 
bable that bodies, in general, which have been rendered 
incandescent by increase of temperature, have attained 
that state at nearly the same temperature, Mr. Wedg- 
wood placed some gilding on a piece of porcelain, and 
exposed both to the heat of an intense furnace, until 
, the porcelain became red hot ; no difference cotdd be 
observed in the time of the porcelain and the gilding 
ujran it becoming luminous, yet these substances are of 
80 very different a nature, that it might be expected 
that a difference in their incandescence would be 
obseivalile. 

The point of fusion seems to have no relation what- 
ever to the point of incandescence. Some bodies, as 
iron, attain a state of incandescence while yet solid. 
Others attain a clear white heat, without fusing. 
Others again, such as silver and lead, fuse before they 
become luminous. If the boiling point of a body be 
below its point of incandescence, it cannot attain the 
latter state unless its vaporisation be resisted by pres- 
sure. It is supposed that liquids, submitted to a pres- 
■ure which will resist their vaporisation are capable 
of attaining a state of incandescence. Thus, in some 
experiments of Perkins, water is said to have been 
rendered red hot without being permitted to expand 
into vapour. 
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The detennination of the temperature at nbidi 
dies become incandescent has occupied the atleotiini 
««f WTeral distinguished philosophers. Newton fi«d H 
M the temperature of €35" ; hut there is no doubt itut 
this is condderablj below the true temperature. Hew. 
ton possessed terj imperfect means of determining the 
lemperatnre, and measured it by observing the raletl 
which red-hot inm cooled, calculating the heat lost b] 
&te time of cooling- Slercur; boils at the lempet- 
MXate of 66i', and yet it is certain that it emi 
■ensilde light, since it is perfectly invisible in a 
room- Mr. Daniel, from experiments made with hii 
pjrometer, fixed the temperature of incandescence 11 
9S0° ; but this, again, is proved to be higher than ibl 
true temperature of incandescence, since antimony, it 
its Jusing point, is visible in the dark, and jet lb' 
metal melts at 810°, Sir Humphry Davy fixed Cl 
temperature of incandescence at SIS". | 

The uncertainty attending the temperattire at yiUA I 
incandesfence commences cannot be surprising, wbeo 
we consider that, besides the ilifficulty of accurately ne*- 
luring high temperatures, there are no other means of 
determining the fact of incipient incandescence dun 
the evidence of the sight. Now, there are many reasont 
for concluding that sight is a very imperfect measure of 
iUuminalion. Objects iilurainated in different d^reel, 
exhibited to the same individual, will give him yaj 
imperfect notions of their actual comparative brightness. 
Let two pieces of white paper be differently illuminated 
by common candles : let one be exposed to the light of 
a single candle, and the other to the Lght of ten candle), 
and let them be viewed by any numlter of indindoibi 
it will be found that no two will agree in their estimatet 
of the relative degtee of illumination." If, then, tbe 
eye be so imperfect a judge of the degree of illumioatioJi. 
extremely probable tliat when the illumination be- 
faint as to be barely perceptible, it will begin 
• Qencbelonli^t 
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to be perceived by different persons when it arriTet at 
difibcnC degrees of intenajty. It is extremely probable, 
if not certain, that the same object placed in a dark 
room will be pronounced to be luminous by ooe person 
and not so by another ; and it is absolutely certain that 
an olu'ect maybeluminous to the ejea of certain animals, 
when it is perfectly invisible to the human eye. Sight, 
thoefore.iB by no means a certain lest of the presence of 
light; and, consequently, is an extremely inadequate 
means of determining the commencement of incande- 
scence. If, however, incandescence be defined to be, the 
commencement of that state in which, whether light be 
actually emicte<l or not, sufficient light is emitted sen- 
aibly to affect the human eye ; then the temperature of 
incipient incandescence must be taken as the average or 
mean of the results given by different observers. In 
this sense we shall not, perhaps, be very wide of the 
truth, if it be fixed at a temperature of between 700° 
and 800°. To attempt to fix the temperature more 
accurately would be inconsistent with the results of ex- 
perience, and the imperfect nature of our means of 
estimating ihcin. 

Analogy would lead ua to conclude that all bodies in 
the solid and liquid state are susceptible of incandescence. 
Since analogy, likewise, countenances the supposition 
that all bodies are susceptible of existing in these states, 
it is likewise probable that all bodies whatever are sus- 
ceptible of incandescence. Practically, however, the 
attainment of the state of incandescence is rendered 
impossible, in a vast number of bodies, from variona 
causes. In some eaees, long before the requisite in, 
crease of temperature can be attained, the forces which 
hold the constituent parts of bodies together are de- 
stroyed by the antagonist forces introduced by the beat 
itself; BO that the body is decorojiosed, or resolved into 
its constituent parts. In other cases, combustion takee 
place; by which the body to which heat is communi- 
t^ted, or some parts of it, combine with other elements, 
and form new compounds, as will appear hereafter. 
mi 
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These circumstances ilesCroy the identity of the bodf, 
mid cause a total change in ita nature and constitutiim, 
long before incandescence can be looked for. 

It is generally held that air and the gases form an 
exception to this general effect. No heal ever yrt 
attained has rendered a body in the gaseous form red 
hot ; and yet such bodies have been certainly raised M 
a temperature sufficient to render soUda luminous. It, 
therefore, they be susceptible of incandescence, 
point of incandescence must be far above the point of 
incandescence of bodies in the solid or liquid form. 
Mr. IVedgwood constructed a spiral tube of porcelain, 
which was carried thrnugh a crucible surrounded witj 
■and. To one end of it was attached a pair of bellows, 
and the air thus driven through it was received from 
the other extremity intu a globular vessel, furnished 
with a valve, by which air was allowed to escape, but 
none to enter. In the side of this globular vesse) irii 
an opening, in which was inserted a piece of gUn, 
through which the interior could be viewed. The rand 
in' the crucible being then rendered red hot, air «h 
blown through the earthen tube, and made to pass into 
the glass vessel at the other end of the tube. When 
viewed through the glass in the side of the glass vosd, 
it was observed not to be luminous ; but a piece of goU 
wire, introduced into that part of the vessel near ihe 
mouth of the spiral tube, was immediately rendered red 
hot by the blast of hot air which issued from it. The 
air, therefore, had a temperature at least equal to ibe 
temperature of the incandescence of gold. 

Such experiments render it manifest that gases »re 
incapable of attaining incandescence at the same tem- 
perature as that at which solids become luminous; but 
it appears to me that we cannot hence infer that the 
r of the gas is not susceptible of incandescence 
It the temperature at which other bodies pass into 
te; for, if a gas were liquefied, and confined bj 
3 to prevent it from lUlating again into ibe 
it is probable that in that state a tpMO^ 
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t would render it ineandescant which would be 
her incapable of producing the same effect o 
ii the form of gas. 
. Established facts, and analogy founded on them, 
dierefore, lead to the conclusion, that, if a sufficient 
quantity of heat be supplied to any body, that body 
will at length become luminous ; and, therefore, that 
light is invariably a consequence of heat, when that 
heat attains a certain degree of intensity; the quantity 
of heat necessary for the production of Ught, differing 
according to the nature of the body which contains that 
heat, those having a less specilic lieat requiring a leas 
mpply of heat to render thein luminous. 

Let us now enquire how far the presence of heat is a 
necessary consequence of the presence of light. 

In Chapter XII. of this volume it was shown 
diat the least refrangible rays of solar light were those 
which posaessed the quality of heat in the highest de- 
gree ; the most refrangible luminous rays, though still 
indicating the presence of the calorific principJe, ex- 
hibited that in a very slight degree ; nhUe the invisible 
chemical rays, still more refrangible than these, pro- 
duced no sensible eifect on the thermometer. We are, 
tlierefore, led to inferj that, in solar light, the heating 
qnahties of the rays increase as their reftangibility 
diminishes. 

When light falls on an opaque body, it is eitjtier 
wholly or partially absorbed. If it be partially absorbed, 
that portion which is not absorbed is reflected, or driven 
back, into the space from which the light came. Now, 
it is clear that, so far as light is the means of commu. 
nicating heat to an opaque body under these circum- 
stances, this heat must proceed altogether from the light 
which is absorbed. 

It has been explained. In Chapter XII., that the solar 
light is composed of Ughts of several different colours. 
When this light fails on an opacjue body. It happens 
that Ughts of certain colours are absorbed by the sur- 
v&w of the body, and the remainder of the solar light 



iB reflected. On this fuct depends alt the phenomeoi 
of the colours of natural bodies. ^VTicn a body appeut 
lo be of a red colour, it reflects from its surface that 
portion of the sun's light which is red, and it absorbs all 
the other colours. Again, if a body appears green, il 
absorbs ait the sun's Ught which strikes upon it, except 
the green light, and that alone is reflected, and so on ; 
similar reasoning being applied to all other shades of 
colour. If a body appears perfectly black, it absorljs all 
the sun's light, and reflects none. If it be perfectly 
white, it reflects all the sun's light, and absorljs none: 
but perfect colours, whether black or white, or of what- 
ever other tint they may be, do not e\iflt in nature. No 
body exhibits an absolute black or an absolute white, 
however near these limits they may approach. 

These principles, which may be found much more 
fully explained in our treatise on Optics*, when com- 
bined with whathaa been already proved in Chapter XII. 
respecting the difierent calorific powers of the rays of 
solar light, will render the following observationa easttj 
liuderstood. 

If an opaque body, of any colour, be exposed to tlie 
direct rays of the sun, it will be observed to rise in ia 
temperature, or become warm. If it ))e of a black 
colour, it will exhibit a rapid and considerable increase 
of temperature. Next to black, a body of a blue colour 
will absorb most heat. Next follow green, yellow, and 
red, and white least of all. 

That binck should absorb most heat, and white least, 
follows immediately from the fact that a body of a black 
colour absorbs nearly alt the solar rays, and with them 
their heat ; white a body of a wliite colour reflects nearly 
all ttie rays, and with them reflects their heat. Of all 
the constituent parts of solar hghl, that which possessec 
the least heating power is the blue light. A body, there- 
fore, which reflects tliis only, must absorb all the n 
powerful healing rays; anil hence we see why ai 
I Olyect of a blue colour receives the most heat, n 
• See 0F1H3, Clio. CjcsJa^viiiii. 
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. The green light has a certain heating power, leas 

a flie red or yellow, but more than the blue. AlwJy, 
therefore, which reflects the green light, sbaorbing the 
others, reflects more heat than a blue or black abject; 
but lesE than objects of those colours which occupy the 
lower part of the prismatic spectrum. Such a body, 
therefore, receives less heat from the solar light than 
those of a darker shade, and more than those of alighter. 
The application of the same reasoning will explain why 
bodies of a yellow or red colour absorb still less heat. 

If several pieces of cloth, of the same size and quality, 
but of difierent colours, black, blue, green, yellow, and 
white, be thrown on the surface of snow in clear day- 
light, but especially in sunshine, it will be found that the 
U&ck cloth will quickly melt the snow beneath it, and 
sink downwards. The blue will do the same, hut leM 
rapidly ; tlie green still less so ; the yellow slightly ; and 
the white not at all. These effects illustrate the prin- 
ciples just explained. 

We see, also, that the warmth or coolness of clothing 
depends as well on its colour as its quality. A white 
dress, or one of a light colour, will always be cooler 
than one of the same quality of a dark colour, and espe- 
cially so in clear weather, when there is much sunshine. 
A white or light colour reflects heat copiously, and 
absorbs little ; while a black and dark colour absorbs 
copiously, and reflects Uttle. From this we see that 
experience has suppUed the place of science in directing 
the choice of clothing. The use of light colours alway« 
prevails in summer, and that of dark coloui;s in winter. 

Of transparent objects, some, such as air and the gases, 
are almost perfectly so, transmitting nearly all the light 
In which they are exposed. Such bodies are, conse- 
quently, invisible, since the light which passes through 
them, and which alone can affect the sight, suflers no 
efiect different from that which it would undergo if 
they were not present, and if the space through which it 
passed were an absolute vacuum. Such bodies, since 
thej' arrest no portion of the light in its progress. 



no heiit from it. The same is true of some liquiile, u 
pure water, and of some solids, though in a less degree, 
■s plate glass. The rays of solar light passing throng 
a pane of plate glass, produce little effect on ill 
temperature ; but some little effect is produced, since DS 
glass, however pure, is perfectly transparent : but em 
were it admitted that glass and other transparent bodiei 
were absolutely transparent to all the luminous raya tS 
solar light, it might happen tint they woulil aburb 
those invisible calorific rays which were proved to eutt 
in it, and to he less refrangible than any luminous rayt. 
However, in general, so far as the transmission of «un- 
light is concenied, bodies which are absolutely trani- 
parent, or nearly so, are found to arrest an entrenielf 
small portion of the calorific principle of the sun'sligbt. 
This eiTect, therefore, is generally consistent wiA llw 
supposition that the calorific principle is a quality of the 
solar rays. 

But numerous bodies are imperfectly transparent, or 
transparent only to lights of a particular colour ; and in 
this respect transparent objects bear an analogy to opaque 
ones. The colour of a transparent olyect, when we look 
through it, depends on the colour of the light which it 
transmits. Thus, stained glass exhibits various coloun 
according to its quality when viewed from the interior of 
a window in which it is set. A piece of blue gtasi ad- 
mits a blue light to pass through it; but intercepts otlwf 
colours. Red glass, in like manner, allows a red light 
to penetrate it ; but stops the passage of lights of odkH 
colours. T])e lights which are intercepted by partilllj 
transparent objects are partly absorbed by them, ai 
partly reflected. The portion which is reflected, is el 
that colour which the object appears when viewed, M 
source of light being behind it, and the remainder it 
absorbed. Let us suppose that the light which petiN 

ktrates a piece of stained glass were mixed with the lighi 
Which is reflected, the mixture would not give the cam* 
IHfte solar light which strikes upon it ; the part wbicb 
|t sbeorbs wwild at\\l be'«ftw'cit\%-. S£ *a<. ^ere addtd. 



CHAP. xn'. RELATION' OF BEAT AND LIOHT. 340 

the mixture of the three would form white solar light. 
Hence wc see the reason why a window of stained glass 
exhibila one set of colours when viewed from the interior, 
and a different set of colours when viewed from the ex- 
terior. AVhen viewed from the interior, the colour 
which it IransTiiiti is seen; wlien viewed from the ex- 
terior, only the colour which it reflecU is observed. 

To determine the efiects of the Bun's light in heating 
m trdnsparent object, it is necessary, first, to aacertaiti 
the colour of the light transmitted through it; and, next, 
the colour of the light reflected by it. These two 
colours being subtracted from the combination of colour 
exhibited in the prismatic spectrum, the remainder will 
be the colour of Ae light absorbed. The heating pdtoer 
of this light may, therefore, be ascertained from the 
experiments explained in Chapter XII. ; and by 
this means the relative eflects of the heat- of the sun's 
rays on different coloured semi transparent bodies may 
be found, 

■ A partially transparent object, therefore, will always 
absorb most lieat when the colours which it transmits 
and reflects are those which occupy the upper portion 
of the prismatic spectrum ; for, in that case, the lights 
which it absorbs are those which occupy the lower por- 
tion of the spectrum, and arc the most powerful in thej 
calorific effects. 

, Hence we see the reason why the coloured glasses 
used by sir William Herschel to mil.'gite the sun'a 
light in his telescopes were so frequently cracked by the 
heat they absorbed. The splendour of the light in & 
large telescope rendered it necessary to use glasses of a 
very dark colour, and, consequently, such as absorbed 
the most calorific colours. 

The calorific power of the sun's rays may be exhi. 
bited in a very conspicuous manner, by concentrating a 
large number of them into a small space by means of a 
ittrniitg-glasii. Such an instrument is usually formed 
either of a large concave reflector, by which the rays, 
fallii^ on an extensive surface, are reflected in lines 
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vhich all tenl towards one point, or bj a large o 
lens of glass, which, when the rays pass through n 
bend them, or refract them, in directiomi converging all 
to the same point. In either case, the eflt;ct of the nji 
is increased in the proportion which the magnitude of 
the point into which they are collected hears to the 
magnitude of the reflector or the lens. From experi- 
ments performed in this way by count Bumford, it 
appears, however, that no change in the heating power 
of individual rays is produced by this means ; and that 
the increased energy of their calorific action ansa 
altogether from a great number of them being concen. 
trated in a small apace. 

The heating power of the sun's rays, when collected 
by a huming-gtass, far exceeds the heat of a powerftil 
furnace. A piece of gold placed in the focus of such i 
glass, has not only been melted, but has been acloally 
converted into vapour, hy Lavoisier. This fact «u 
proved by a piece of silver placed at some height abon 
the gold, having been gilded by the condensation of the 
vapour of the gold on its surface. 

Artificial lights are generally accompanied by heat Id 
YsriouB degrees ; and, generally, the more intensely 
brilliant the Ught, the more powerful will be the ca- 
loriSc effects. It would appear, however, from some 
remarkable differences which are observed in the trana- 
misdon of artificial light through transparent bodies, 
that the invisible calorific rays exist in such light in ■ 
much greater proportion than in solar light. If a screen 
of plate glass be placed before a coal fire, although 
scarcely any light will be intercepted, nearly all the 
heat will be immediately stopped. This has been ge- 
nerally adduced as a proof that light and heat are dit- 
tinct principles ; since the glass, in this case, i» said to 
•eparate them. The effect, however, admits of explan- 
ation with equal facility, on the supposition that heat 
is a quality of tight, and that the luminous propaty 
may have so weak a. force in some rays, as to be in- 
J aptbJe of afiecting the lig^it. 'E\re\i^\, liovo. -Unt fa*. 



OP HEAT AND tlOBT. SSI 

in the case just meationeil, is gencrBll; of a red cobor, 
like that of the rays at ihe lowegt point of the luminoiu 
«pectnira : it is probable, therefore, that it may contain 
also the more calorific invisible rays, which are, in that 
oaghbourhood, in the spectrum. If this be admitted, 
the light emitted by a tire mil consist of a much larger 
proportion of the invisible calorific raya than is found 
in sunlight. The proportion, therefore, which the 
Tisible rays tranemittt'd by the glass bears to the in- 
vi^le rays which may not be transmitted, will be much 
less than in aiinlight ; and, consequently, the raya 
transmitted by the glass will possess comparatively a 
mnch less heating power. 

One of the most remarkable exceptions to the general 
fact, that the presence of light necessarily infers the 
presence of heat, is the fact, that moonhght, in whatever 
d^ree it can he concentrated by the most powerful 
burning-glasses, has never yet been found to affect die 
most sensible thermometer. De la Hire collected the 
raya of the full moon, when on the meridian, by a 
burning-glass of about three feet in diameter, in the 
fi)CUB of which he placed a delicate air thermometer. 
The density of tbe lunar rays was in this case increased 
in the proportion of about 300 to l,.and yet not die 
slightest effect was produced. This anomaly is, however, 
easily accounted for. Admitting that the moon absorbs 
no part of the invisible calorific rays of the solar hght, 
it will follow, that the heating power of moonlight 
cannot be in a greater proportion to that of sunlight 
than tbe relative brilliancy of the two hghts. Now, to 
determine the comparative s])lendour of moonlight and 
sunlight, let the moon, when seen in the firmament 
during the day, be compared with a while cloud near 
it : its brightness, and that of the cloud, will appear 
very nearly the same. Assuming that they are exactly 
the same, it will follow, that in the day, when the whole 
firmament is covered with white fieecy clouds, the 
brilliancy of the light would be the same as if the whole 
. fiimament were covered with an illuminated sur&oe 



■imikr to that of the taoon. The liglii, ilierefine, of 
-B cloudj day of this kind, will be as much more briUiutl 
than the light of the nioon, as the magnitude of the 
whole firmainetit is greater than that portion of it oc- 
cupied hj the full moon. This jiroportion is neaiij 
thst of ^00,000 to I ; and hence the light oC a idoiuly 
da; 18 300,000 times brighter than moou-hgfat: eODN- 
quently, the intensity of the moon's rays ia certiinlf 
not greater than -xun'nus P*'^ "^ 'he intensity of sun- 
light. In the experiment of De la Hire, just explained, 
where the moon's rays were concentrated in the pro- 
portion of 300 to 1 , the effect of the concentrated ligbl 
in the focus of a burning glass would not amount to 
[ more than the 1000th part of [he effect of the dirt« 
I vjicoTwentralal hght of the sun. Now it was found 
I that, under favourable circumstances, the eun -light, 
I 'acting on the bulb of a thermometer, caused it to mt 
■about 230° : it follows, therefore, that the effect of & 
concentrated light of the moon, in the experiment juil 
mentioned, could not exceed the fifth part of a degfce; 
but even this is greater than its true effects, becauae the 
light of the raoon has been here compared with iht 
light of a cloudy day, which is less intense than the 
direct rays of the sun. From this and other rcaeono it 
is probable, that admitting the moon's rays to posMH 
• the calorific power, they could not, in the experiment 
of De la Hire, affect the thermometer to an extent ewn 
cf the twentieth of a degree. 

There are certain bodies which, at a comparatively 
low temperature, posses* the property of emitting light, 
presenting an appearance of a lambent flame, the colour 
being different in different bodies, and apparently de- 
pending on the colour of the body itself: this proMSt 
is called pliospkorenreiite. The minerah which poEse« 
this proiierly in the highest degree are fluor apar kA 
phosphate of lime. Some bodies exhibit lliis effect U 
?nt of spontaneous combustion. Ceriun 
liindg of meat and fish, when putrefaction begins, arc 
□ the daiVi. It foui dn:^'^^ at ilu& a 
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of whitings herrings or mackerel^ be put into a phial 
containing two ounces of sea water^ or of pure water 
holding in solution half a drachm of common salt^ the 
phial^ when exposed in a dark place^ after the lapse of 
three days exhibits a luminous ring on the surface of 
the liquid. The whole liquid, when agitated, becomes 
luminous, and continues so for some time. When these 
liquids are frozen, the phosphorescence disappears, but 
it re-appears when they are again thawed. A moderate 
increase of temperature causes an increase in the lu- 
minous appearance, but a boiling heat extinguishes it. 
The light thus produced has no sensible effect on the 
thermometer.* 

* Thomson on Heat, p. 288. 
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Iff the preceding chapters, many examples ha-re been 
presented, in which the chemical combination of iwo 
bodies was accompanied by a change of temperatiue. 
When Eulphuric acid and pure water are mixed together 
at the Ksme temperature of 60°, the niisture nlll md- 
denly rise to the temperature of boiling water. In lib 
manner, when snow at the temperature of 39° is mixed 
with common salt at the same temperature, the compound 
resulting will fail many degrees below the common tem- 
perature of the constituents. It may be taken, there- 
fore, as a general principle, that chemical combinati«g 
is one of the numerons causes by which heat may IB ' 
develcfped or abEOrbeth Every part of chemical acience 
abounds in facta iilustratJTe of Ihis principle. 

We have seen that an extreme increaeeof lempeianDt 
ia attended by the presence of light. Now, If dUK 
two general laws be placed in juxtaposition, it n^ 
be expected, that if chemical combinations can be dis- 
covered in which extreme quantities of heat may te 
developi^d, the product may attain that temperature B 
which it will he luminous. 

Such are the principles which form the faundaliilti ' 
of the ordinary process of amibiullon or burtiing, Wlea 
fire is produce<l, such a combination always (aktt plHC | 
between the particles of two bodies, as prodoEn 1 1 
development of heat bo extreme as to produce ligbL 
If the body emitting light in this case have tJie sdid 
fiftm, the effect is called Jfre ; but if it be vapour, it i> 
calfcd/nmf. 

It so hapgvns, that among the infinite varicljof 
natural substances by the combination of which 6 ' 
remarkable phenomenon is produced, one of iha b 
combining bodies is, almost in every case. 
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n chemJBtry oxygen gas ; and that in tile few 

itwhere oxygen is not present ihere is a very limited 

" T of other nibstunceg, one or the other of whic-h 

le of the combining substancea. 

Dong these other substances, the principal are 

B bodies, called in chemistry chlorine, bromine, and 

le of these four bodies — oxygen, chlorine, bro- 
(, and iodine — being, almost in every case, one of 
te two bodies by the combination of which combustion 
U produced, and the other bodies with which they 
Kverally combine being far more numerous, the four 
just mentioneil are distinguished relatively t« the phe- 
nomena of combustion, by the name supporters qfcom^ 
bvetion ; while the other body fonning die combinatioii 
with them, whatever it may be, it called a enmbuslible. 
TheEe terms, however, must be carefully understood as 
not expressing any distinct or different mode of action 
which the two combining bodies exert in the process of 
fltdr combination. Siipporterti qf combustion and coin- 
butfibles, 89 far as has been discovered, have no other 
di^^ence than this, — that the former are very limited 
in number, and the latter very numerous. 

Exclusive of the four supporters of combustion, every 
■imple substance known in chemistry are combuatiblrt, 
except nsuM or ttitrogen gas, 'f he meaning of this is, 
that all simple substances are capable of entering into 
combination with one or other of the four bodies called 
oxygen, chlorine, bromine, or iodine, in such a manner 
as to be attended with a sudden evolution of Eight and 

After the discovery of the true naturt of the process 
of combustion, it was long supposed that the only sup- 
porter of combustion was oxygen, and the phenomenon 
of tmmbustion was consequently defined to be the rapid 
combination of oxygen with some other substance. 
This is, inileed, the nature of the phenomenon in all 
ordinary cases of combustion ; and it is only in few 
I, developed by the researches of modem che- 

AA S 



I 
I 



I 



mists that chlorine and the other suppotterg phjr a 

The tendency which a body heated considerably abote 
the temperature of the surrounding medium has to dU. 
miss its heat, whether by contact or radiation, rendere 
it necessary diat the combination which produces com. 
buatlon should be so rapid as tu be almost instant- 
aneous ; for if the heat developed were produced 
progressively, it would be progreBaivelj diasipaled, mi 
could never accumulate so &» to produce that in- 
creased temperature which is neeessaiy for the evoln. 
tion of light. 

Id all ordinary cases of combustion, one of the com- 
biuing bodies is the oxygen, which forms a coraponeil 
part of atmospheric air ; and one of the circumstance* 
which most favour combustion is the fact that the eon- 
Btituent elements of atmospheric air are mixed tt^eths', 
ather mechanically, or, if they be chemically carabMcdi 
their affinity is of the weaitest imaginable kind. TbtU, 
the oxygen exists in the atmosphere almost in a tm 
slate, and ready to combine with any object which pR- 
senta to it the slightest affinity. The application of belt 
to any body, by weakening the enei^ of the cohnin 
principle, leaves its particles more free to obey oAer 
affinities ; and, consequently, it is found that bodin 
which cannot combing at one temperature will fre- 
quently be capable of combining when the temperatoie 
of one or both is raised. A body, therefore, may exitl 
at a certain temperature, when suiroundeil by the oxygen 
of the atmospheric air; but if the temperature of ibU 
body be raised, the affinity of its molecules for those of 
oxygen will at length be enabled to take eSleet by the 
diminution of the force by which its particles are bell 
Ic^lher. In conformity with ibis principle, we find. 
that when a combustible is raised to a certain tempd^ 
ature, its particles rapidly combine with those ef die 
oxygen containeil in the surrounding air. In their eon. 
htiiation, heat and light ate evolved, and fire is produced. 
IFBcti phosphorus ia tailed W ■ " 
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; particIeK c 
BphomB, in this case, combine with thoae < 

ic atmosphere, and so much heat h de- 
eir combination that the light is evolved. 
The temperature neceitsary to each different flubstance, to 
combine with the oxygen and produce combuetion, ig 
Tery different. Hydrogen gas requires a heat equal to 
tbac of incandescence to cause it to begin to bum. 
Wood, coal, aud other combustibles, burn when raised 
to variouii temperatures. 

AMording to the experiments of sir Humphry Davy, 
the temperature necessary to enable the following sub- 
■tancea to combine with oxygen, vary in the order in 
which they stand ; the first being (hat which buma at 
the lowest temperature, and the succeeding ones a 
perittures gradually increasing. 



FbMpho 


HI 




Pbospliu 


■etlcd hydrogen gas. 


Alculinl. 


Hrdroge 


a ai.d tliiorine. 


Wax. 


Sulphur. 




Caibonic onide. 


Hjdroge 


■i and 0>jB=n. 




Dlefiuit 


lU. 





The experimental proofs by which combnation is 
iAown to arise from the combination of oxygeD with 
other principles, consist of the whole range of one de- 
partment of chemical science. We may, however, offer 
aD experiment as an example of this species of demon. 
Mradon. 

XiCt a short earthenware tube be filled with a coil of 
iron wire, the weight of which has been previously aa- 
certained. Let one extremity of this tube be connected 
with a bladder filled with oxygen gas, the weight of 
which is known j and let the other extremity be con- 
nected with a flaccirt bladder, the weight of which, in- 
cluding the air which it contains, is also exactly known. 
Let the porcelain tube and its contents be raised to in. 
candescence by the application of heat, and let the 
oxygen contained in the bladder be then totced tWtiM^ 
dc tube ia contact with the wire. The wiie 
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cue iriH bam, and be rapidly oxidised, and the product ! 
will be the ain'i^o/ iron. ^Vlien Uub product is wei^ied, ' 
it will be found to be heavier than the iron ; and wben 
the two bladders and their contenls are neighed, diey 
will be found to be lighter than before, b;f exactlj tlK 
weight which the iron has gained; the oxygei), thoe- 
fore, which haa been lost by air contained in die bladden, 
has been combined with the iron during the proccMOf 
combustion. 

Flarae iE gas heated to whiteness by the heat pto- 
duced by the combustian of volatile matter. When i 
candle bums, the tallow or wax of wliich it ia com- ' 
posed, is first liquefied, and then drawn upwards throng ' 
the interstices of the wick by capillary attraction. Ai I 
it comes in contact with the source of heat, it is boikd, 
and converted into vapour ; this vapour ascends in a 
column by reason of its lightness, and is now raised to _ ' 
the temperature which enables it to form a comhination I 
with the oxygen of the surronnding air. This com- I 
bination instantly and copiously develops heat, whidl, i 
being communicated to the surrounding current of gM 
renders it luminous, and produces the white bright l^il 
of the flame. It will be apparent from tltis, that tbe 
light from the flame can only exist on its exterior ht- 
face, which is in contsci with air. The Same of i j 
candle or lamp is, therefore, so far as r^ards hca^ I 
hollow; or rather it is a column of gas, the exterior nr- | 
face of which is luminous, while the interior is Hint- , 
luminous. As the gas in the interior of the Sinie 
ascends, it gets into contact with a fresh portion of i1k 
atmosphere, from which it receives a supply of ox^ei, 
by combination with which, heat is evolved, which pro- 
duces light. As the gas ascends from the centre of the 
flame, it comes successively into contact with the air, 
and in this manner becomes luminous, until at length 
the column is reduced to a point. Thus, the flame of 
a candle or lamp gradually tapers to a point, until (U 
the gas produced from the boiling matter in the wick 
' s due complement of oxygen from the air^dut 
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passes off. It speedily loses tlie temperature necessary 
to render it luminous, anil the flame U 

The light produced by lamps or candles farmed of 
ciifiereni substances, has different illuminating powersj 
according to the ijuantities of light evolved by the com- 
bination of the gas or vapour with, oxygen. 

The vapour of some substances is capable of com- 
biaing with oxygen at a temperature belon that which 
is necessary for the production of flame. Sir Humphry 
Davy coiled a piece of platinum wire round the wick of 
a spirit lamp, and, having lighted the lamp, and allowed 
it to burn till the wire became red'hot, he then ex. 
tingnished it ; the wire, however, with the heat which it 
had acquired, comrauntcaied a sufficient heat to the va. 
pour raised from the alcohol, to enable it to combine | 
with the oxygen of the surrounding air : and a sloYT | 
combustion, without flame, was thus produced. This 
proceBs of combustion might he continued far any length. 
of time, or as long as the alcohol in the lamp could 
•npply vapour. 

The product obtained by the combination of oxygen 
and the vapour of alcohol, in this case, was of a nature 
altogether different front that obtained by the ordinary ' 
combustion of the spirit lamp. Acetic acid forma a | 
part, but not the whole, of the product. 

There are other vapours, which, like that of alcohol, 
are susceptible of combustion without flame. Among i 
^ese are the vapours of ether, camphor, and a 
the volatile oils. 

If platinum wire, healed to redness, be introduced 
into a receiver containing a mixture of coal gas or the 
Tspour of etiier and atmospheric air, it will continue 
red-hot until the whole of the gas is consumed. In 
this case the gas combines with the oxygen of the atmo- 
spheric air with which it is mixed, and combustion takes 

Dr. Thomson accounts for this process by the fact - 
of the small speciflc heat and bad conducting power of 
platinum : a small quantity of heat is sufficient to make I 
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It red-hot; and bdng a bad conductor, it loses littk bett 
K'diiring tbe process. Platinum, at a red heat, hi 
iicientlf high temperature to produce a rapid coiaUn- 
atioD of the vapour of alcohol vith oxygen, bat it is 
not sufficient for the production of flame.* 

If a jet of hydrogen gas be projected on a small nut 
of spungy platinum, the platinum will become red-hot, 
and will continue so as long as the jet plays on it. Tbt* 
forms an easy means of producing an instantaneoui 
light ; and an apparatus is constructed in a conyeniml 
form for this purpose. By turning a stop-cock, the jet 
of gas is thrown on a small cup, containing jiladnnni, 
which, immediately becoming red-hot, is capable of light- 
ing a match. The same effect may be produced by i 
jet of the gas projected on other substances, such as 
palladium, rhodium, and iridium. Some others, alsa, 
such as osmium, would be attended with a like eSbet. 

I if their temperatures were previously raised. Platinum 
nril would not, under tiiesc circumstances, redden; bat 
n it be crumpled, like paper, it will undergo the sini* 
iiKct as the spongy platinum. 
\ These effects have been accounted for by the fact thil 
^Hingy platinum, and other substances in a similar 
Mftte, have such an affinity for oixygen gas, that ihcit 
nipiltary attraction produces the aWrption of (hat gu 
from the atmospheric air into their pores, in which it ii 
■ometimes collected even in a condensed state. It ii 
probable that spongy platinum contains within its pores 
a considerable quantity of condensed oxygen gas. Chir- 
coal is known to absorb, by its capillary attraction, 
nine times and a quarter its own bulk of oxygen ; 
and, when placed in contact with hydrogen gas, the 
oxygen absorbed combines with the hydrogen, and 
forms water. The jet of hydrogen gas projected on ■ 
spongy platinum probably combines with the oxygen 
held in its pores, and the heat developed by the 
bination renders the platinum red-hot.t 

The determination of the quantity of heat pr 

' ThotDson on Hat, p. Sll. f lUd. f.ai 
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I^TC been nude on tome oHnbasIihks bv LaToiiMr 
■ml Ia Place with thai calorimeter. A few others hST? 
been made bj- Dilton. Cravford and couni Rumfnil 
hare also made Mine eipenioenb on this Nit^ect. Tht 
metbod of Lavoisier and La Place consi^t^ of boio. 
il^ the combustible within the calorimeter, and mta- 
snring t^ quandtv of ice melted bf the heat wlu<4i il 
derebped. Dalton placed a given weight of naler, at a 
b^Dwn temperamre, in a tinned vessel- Having pieii- 
mdj ascertained the speciBc beat of this vessel, that of 
mtra- being known, he applied tbe burning matter to 
the botloto of ii, so as to cause it to impart its heat to 
the water. The quantity of heal developed was mea~ 
inred by the increased temperature of the water, and 
the vessel witich contained it. This process would evi- 
dently give results considerably below the truth ; because 
it is impossible that ail the heat developed in the com- 
bustion could be imparted to the vessel ; some would 
be necessarily commimicated to the surrounding air 
without reaching the vessel, and more wouhl be di^. 
peiaed bj tadiatian. Dr. Crawfuid contrived to stu. 



round the burning matter with nater, bj the increased 
temperature of which he measured the heat developed. 

Sir Humphry Davy made experiraeuts to determine 
the heat developed by some gases in the process of com. 
buBtion, and adopted a method of experimenting dif- 
fering little from that of Ualton. He caused the flune 
to act on the bottom of a copper vessel, containing a 
given weight of oil ralEed to a given temperature, anil 
estimated the heat produced in the combustion by die 
increased temperature received to the oiL The fcjlow. 
ing are the results obtained hy these experimeota : — 
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The great discordance which is apparent betwefl 
results of these experiments shows how much al' 
mains to be done in this department of the phyi 
heat. It is probable, however, that the restiha ol 
experiments of Lavoisier and La Place are i 
titled to confidence than those of tiie other esperimi 
Dr. Thomson thinka that it in probable that o 
of hydrogen gas gives out in combustion as n 
as would melt 400 lbs. of ice, or .'^5,000'' of heabfl 
The copious development of heat, in the proccM i 
fctfombusLon, and the consequent luminous effect, w 
WUUttd by La\0\Bicr \>^ li\e iw^ 'Cdw. ». ttnuiKnsWiiin 




of matter took place. Thus, when a gsEeous Bubstttnce, 
by the process of combination with oxygen, passes ' 
the liquiii or the saliil state, all the latent heat which 
maintained it in the furm of gas suddenly hecomes 
sensible, and an imraense increase of temperature ne- 
cessarilj ensues. The same effect takes place when a 
liquid passes into the solid state. Now, it is certain 
that, in numerous cases of combustion, these effects 
take place; and all auch cases admit of bein^ reduced to 
the same class of phenomena as the solidifii 
liquid or the condensation of a vapour, in both of which 
cases, as has been already explained, heat is evolved. 
Some of the phenomena of combustion may, perhaps, be 
reduced to the case of ordinary condensation without 
change of form ; hut there are instances which do not 
seem to fall under this class of effects. On the contrary, 
in certain cases, solids or liquids, in the process of com_ 
bustion, pass into the state of gases. Thus, when gun- 
powder is exploded, the oxygen, which is contained 
abundantly in the saltpetre, combining with the sulphur 
and carbon, which arc the other constituents of this 
substance, assumes the gaseous form. At the same 
time a highly elastic fluid is produced, as well as a large 
quantity of heat and light. 

So far, therefore, as the theory of Lavoisier assumes 
that combustion is the consequence of rapid chemical 
combination, and that sucli combination is accompanied 
by a copious evolution of heat and light, it is strictly 
a. statement of fact, hut when it is attempted to reduce 
these facts to the general class of phenomena, in which 
heat and light are developed by condensation, the theory 
&iis, because a!l the phetioancna which it professes to 
explain cannot be reduced to this class. It is also 
aaaumed, in the theory of Lavoisier, that oxygen is 
a compound of heat, li^ht, and a certain unknown base ; 
that a decomjMiaition lakes place by which the heat and 
light are disengaged, and the unknown base is combined 
with the combustible. Now, the existence of tMa u\v> 
Jujoifj] base is i gtatiuUme BBKumplii 
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r been eshibited i 
besides which, it is asEumed ihat light and I 



bodies, and not qualities of n 
dded. 

So remarkable a phi 
ED susceptible of such vi 
applications, could not fai 
the attention of chemists, 
theories propounded at v 
cbemislry for " 
theories 



which is still a 



comhusdon, i 
and important i 
n early {leriod, to altntf 
! accordingly find many 
epochs in liie history i>r 
explanation. One of the earliest of thcM 
s the existence of a first priuciple, or 
elementary substance, caUed Jire, which had the property 
of deyouring otiier bodies. According ti ' ' 
combustion was the process by which tlie comhm 
was converted into fire: whatever part of the con" 
was unsusceptible of this conversion remained b 
the tbrm of ashes. 

Dr. Hook traced the phenomena of combustion ti 
solvent power over the combustible possessed by ■ 
ciple found in atmospheric air, similar to 
exists still more copiously in nitre. How n 
geniouE hypothesis approached to the true princu 
combustion may he easily perceived. But the fl 
which toolt possession of the scientific world, I 
exclusion of all others, for a long period, was the 9 
lian theory of PklogUtun. In this theory, the phen 
non of combustion was explained by assuming the ex> 
istence of a bo<Iy cdled plilogiston, which was suppo«d 
to be H constituent element of all combuHtibles. Tb« 
ptxicesE of combustion consisted in the sudden eeparaliaD 
of phlogiston from the combustible ; and this separation 
was accompanied by the haat and light which charac. 
tensed (he phenomenon. Some succeeding philosopben 
reganled this phlogiston as light maintained in bodies u 
it were in the latent state, and with its ordinary txsom 
comitant beat. Dr. Priestley, and otliei " "' 

that the atmospheric air in wliich combuilion | 
place becomes incapable of jwrmitting the same ji 
naeaon to be repealed iw il,, ani \\\fiw\wi 'iQ»^ « 



a bodies u 
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I rendered incapable of supporting animal life. He 
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r bad an affinity for phlo- 



£J«ton, and that iu preeenoe was nec«Esary, in order t 
effect the extrication of phlogiston from the cottibustible, 
and, consequently, that the presence of atmospheric air 
wa* essentially necessary to combustion; but that when 
the atmospheric air became saturateil with tbe phlogis. 
too which it received during the process of combustion, 
the same air, being incapable of combining with any 
greater quantity of phlogiston, was incapable of sustain- 
ing the proceiis of combusCion. 

Still the I'hlogistic theory laboured under the capital 
defect, that the existence of phlogiston, as a separate 
principle, was never proved; aud, in fact, that the as- 
sumption of its existence had no other foundation than 
lis convenience for the solution of (he phenomena of 
combustion. Tbis defect in the theory of Stahl was 
attempted to be removeii by a bold assumption of Kir- 
wan, viz, that phlogiston was no other substance than 
hydrogen. Tbe necessary consequences of the adop- 
tion of such an hypothesis were, that hydrogen is a com- 
ponent part of every combustible body ; lliat combustion 
consiBts in tbe decomposition of tbe combustible into 
the hydrogen and its base ; that, after issuing from 
the combustible, ihe hydrogen combines with the oxygen 
of the atmospheric air. Such were the bases of the 
Kirwanian theory. 

Matters were now ripe for the discovery of Lavoisier. 
Hook had held, that a priiiciple in atmospheric air, 
identical with the prominent element of salt water, wai 
a solvent for all combustibles ; tliat tbe scludon effected 
by it was accompanied by heat and hght. Kirwan 
held, that a combination of a certain element of tbe 
combustible with the oxygen of the atmospheric air wai 
the cause of combustioii. Lavoisier, rejecting what 
was superfluous in these theories, at once assumed tliat 
combustion was caused by the combination of the oxygen 
of the atmosphere, not with hydrogen, or with the 
imaginar]' eabttance of phlogiston, but with the com- 
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ftwtiUe Hself, and that in such combinstion heat Bid 
light were produced. He accounted far the phen 
b; two admitted chemical laws; first, that the chemial 
•ffiniCy of bodies for each other is awakeoed by ix 
elevation of lernperalure of one or bolh ; and, secondly, 
that a body, in passing from the gaseous to the liqtdd 
or solid state, produces an abundant evolution of hetL 
The combustible, therefore, when raised to a certiio 
temperature, is brought to the state in which its chenu- 
cal affinity for oxygen is capable of taking effect. The 
osygen, in combining, changes its form, and diseng»gM 
a large quantity of latent heal. 

This theory was quickly embraced by BerthollM, 
Fourcroy, Morveau, and other leading cbemiatt of the 
times, and has since been very generally received. Thee 
•re, however, as has been already stated, some pheno- 
mena connected with conibustion, which it fails to a- 
plain. These are the esses, where, in the combuslioii, 
the change of form is the reverse of that nhictl, accord' 
ing to the theory of Black, would cause a developmenl 
of heat. When ihe combiiung substances previonslj 
exist in the solid slate, and during combustion pass inW 
the gaseous stale, we should expect a large absorpliou 
of heat instead of a considerable evolution of this prin- 

This defect in the theory has given rise to another. 
which has been proposed by sir Humphry Davy. Ac- 
cording to this theory, the phenomena of affinity »ie 
the consequences of bodies existing in different stslei 
of electricity. It is known that bodies, when oppositdy 
electrified, attract each other, and when similarly elec- 
trified, repel each other. If tlie molecules of two 
bodies be oppositely electriHed, and be bo placed thai 
they can act on one another, their effects wOl be attrac- 
tion, the enei^ of which will be increased in a rapid 
proportion with the diminution of their distance. The 
more intensely one is positively electrified, and the other 
negatively, with so much the greater force will they 
omnbine, and the pheoomena of combiution will be ex. 
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hibited in their union. Oxygen is in an intensely nega- 
tive state of electricity^ and hydrogen intensely positive. 
Hence they combine with a great evolution of heat 

The merits of the electric theory of combustion will 
be fully discussed in our treatise on electricity^ and we 
shall limit ourselves here to the mere reference to that 
theory. 



Of all the means of csdmating; physical effects, the miM 
obvious, and lliose upon trhich mankind place ibe 
strongest confidence, are ihe aemei. The eye, the ew, 
tmd the touch, are appealed to by the whole woHd, it 
the unerring witnesses of the presence or absence, the 
qnalitiesandd^rees, of light and colour, sound andhMt. 
But these witnesses, when submitted to the scrufitT of 
reason, and cross-examined, so to speak, become in- 
volved in inextricable perplexity and contradiction, ind 
speedily stand self-convicted of palpable falsehood. N« 
onlj are our organs of sensation not the best witnenri 
to which we can appeal for exact information of the 
qualities of the objects which surround us, but they n« 
die most fallible guides which can be selected. Not 
only do they fail iu declaring the qualities or decrees of 
the physical principles to which they are by nature te- 
Terally adapted, but they often actually inform ns of 
the presence of a quality which is absent, and of the 
absence of a quality which is present. 

The ot^ns of sense were never, in fact, designed by 
nature as instruments of scientific enquiry; and had 
ihej been so constituted, they would probably have been 
unfit for tile ordinary purposeii of life. It is well ob- 
served by Locke, that an eye adapted to discover die 
intiinate constitution of the atoms which form the hand 
of a clock, might be, from the very nature of its me- 
danisin, incapable of informing its owner the hour 
indicated by die same hand. It may be added, that a 
pair of telescopic eyes, which would discover the mde- 
culcs and populadon of a distant planet, would ill re- 
quite itie spectator for the loss of that ruder power of 
D guide hia steps through the city be 
tabiti, and to recognise the friends which s 
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The comparieoD of instruments adapted for the 
' commerce and domestic economy, and those de- 
ingned for scientific purpoBes, furnishes a not less appro- 
priate illustration of the same fact. The highly delicate 
I balance used by the philosopher in his enquiries respect- 
ing the relative weights and proportions of the consd- 
taent elements of bodies would, by reason of its very 
perfection and sensibiUty, be utterly ukcIcks in the hands 
of tlie merchant or the housewife. £ach class of in- 
itrnmenls has, however, its peculiar uses, and is adapted 
to give indications with that degree of accuracy which 
is necessary and sufficient for the purpose to which it is 
^tplied. 

The term heat, in its ordinary acceptation, is used to 



a hot body. 



which h produced in ub 
We say that the heat of a 
according to the degie« in , 

produced in us. Iij 
'has been used in a some' 
here applied to express a 
i attended with certain dis- 
ly of which are capable of 



express a feeling o 

, body i 

which the feeling 

^ fa-eeent treatise ttie terr 

I -«iiat different tiense. It it 

, oertain state of body, which 
tinct mechanical effects, mi 

' being actually measiu-ed, and one of which only is the 
effiict produced on our organs, and, through them, in the 
mind, to which alone, in the popular sense, the term 
heat ia applied. This distinction in the use of the 
. term has induced some philosophers to adopt another 
word, calorie, to express the physical effect, while the 
erm, heat, has been retained to express the 
It does not appear to us to be necessary to 
adopt this term, because it never happens that any con- 
tusion arises from tlie two senses of the term heat; and, 
besides, the use of the term caloric is apt to lead the 
mind to the assumption of an hypothesis or theory con- 
eeming the nature of heat, the consequences of which 
are apt to be mixed with that investigation which should 
be founded on the results of experiment alone. 

The touch, by which we acquire the perception of heat, 
liiwihe eye, ear, and other organs, is endowed with a 



y 



^ 
^ 



ibility confined ivithin certain limits; and em 
within tfaese) ne do not possess any exact power of per- 
ceiving or measuring the degree of the quality fay wbidi 
the senEe is effected. If we talie two heavy boilicsili 
the hand, we shall, in many cases, be able to dMln* 
that one is heavier than the other ; bat if we are adctd 
whether one be exactly twice as heavy or thrice as heavy 
as the other, we shall be utterly unable to decide. In 
like manner, if the weights be nearly equal, wc shall he 
unable to declare whether they are eiaeily equal or ndl. 
If we look at two objects, differently illuminsled, IK 
shall in the same way be, in some cases, able lo dedaic 
which ia the mare splendid ; hut if their splendour be 
nearly equal, the eye will be incapable of deteTintning 
whether the equality of illnminadon be exact or Mt- 
It is the same with heat. If two bodies be vetj dl(* 
&rent in temperature, the touch will soraedmes infixn 

which is the hotter ; but if they he nearly eqnal, *i 

diall be unable to decide which has the greater or wtndi 

the less temperature. But even this information, mde 

isfactory as it is, ia more full than that whiek 

the evidence of the touch frequently furnishes. 

After what has been explained in the preceding pari 
of this treadse, the reader will have no difHcully in 
perceiving that feeling can never inform us of the quiD- 
dty of heat which a boily contains, much less of dtr 
relative quantities contained in two bodies. In the flM 
place, the touch can never be afiected by hval wbli^ 
exists in the latent state. Ice-cold water, and ice itsiU^ 
fiti to have the same temperature, and to concun dn 
same quantity of beat; and yet we have shown that iob 
cold water contains a great deal more bent tbon ioe; 
nay, that it can be compelled to part with ils reiiundMl 
heat, and lo become ice; and that this redundant bcM. 
when so dismissed, may be maiie to boil a i-onsidenbb 
quantity of water. But it is not only in the cwu of 
latent heat, which cannot be felt at all, that th« toucb 
fails to inform us of \W i\\kB.\A\!JEA if heat in a body. 
it lias been shuwn l\iat 4iffeveft\\iQSaBtasct«»i.W%., 
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KtemperatDre by very different quantities of heal. 
and luercury, both at the temperature of 32°, 
Mi, they will be felt to be equally cold ; and if 
e both raised to 100°, and then touched, they wiU 
"a be both equally wann ; and the inference would 
; equal quantitiea of heat muEt have been in the 
Ewhile communicated to them. Now, on the contrary, 
> been proved that, in this case, the quantity of 
' ■ '1 has been communicated to the water ia not 
B dian thirty times the quantity which has been im- 
parted to the mercury. In fact, to cause the same 
change of temperature, and, therefore, the same feeling 
rf heat, in different bodies, requires very diSferent quan- 
tities of heat to 'be imparted to them. It is plain, 
therefore, that the sense of touch totally fails in the 
discovery of the quantities of heat which must be added 
tsdifierent bodies in order to produce in them the same 
change of temperature. 

But it may be said, that the thermometer itself is 
here in the same predicament as the touch, and that 
measure of heat likewise fails to indicate 
the quantity of that principle which has been added or 
aubtracted. Setting aside, however, the estimation of 
qnuititiea of heat, the sense of touch is not less falladouB 
n ^e indications which it gives of temperature itself; 
Hid here, indeed, the error and confusion into which it 
ia apt to lead, when unaided by the results of science, 
■re very conspicuous. If we hold the hand in water 
which has a temperature of about 90°, after the agitation 
of the liquid has ceaseil we shall become wholly insen- 
iible of its presence, and will be unconscious that the 
hand is in contact with any body whatever. We shall, 
of course, be altogether unconscious of the temperature 
of the water. Having held both hands i 
lot us now remove the one to water at a temperatui 
200°, and the other to water at the temperatnre of 32°. 
After holding the hands for some time in 
let them be both removed, and again immersed 
«Uu' atf^" ; immediatdy we shall become sensible of 
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irantitA in the one hand, utd eold in the oEfaer. ' 
hand which had been immersed in ihe cold « 
vaKr at 90' «ill feel hot; and to the band which lud 
been immersed in the waler at 200°, the water at 90° 
will feel eoid. It, therefore, [he touch be in ihia ra 
taken as the evidence of temperature, the same water ffl 
be judged to be hot and cold at the same time. 

If, in the heat of smnmer, we dcBcend into a a.'wt, we 
became sensible that ne are surrounded by a cold at- 
mosphere ; but if, in the rigour of a &OEty winter, we 
descend into the same cave, we are conscious of ibe 
presence of s warm aimospliere. Now, a ihermometei 
mspeoded in the cave, on each of theite occasions, wifl 
show exactly the same temperature ; anil, in fact, the 
ur of the cave maintains the same temperature at all 
seaeoDS of the year. The body, however, bein^, in the 
one case, removed from a warm atmosphere into a colder 
one, and, in the other case, from a very cold atmosphere 
into one of a higher lempersture, becomes, in the latter 
case, sensible of warmth, and, in the former, of cold. 

Thus, we see that the sensation of heat depends u 
much on the state of our own bodies, as that of the ex- 
ternal bodies which excite the sensation ; the laiM 
body at the same temperature producing different sen- 
sations of heat and cold, according to the previous state 
of our bodies when exposed to it. 

But even when the state of our bodies Is the saine, 
and the temperature of external objects the same, dif> 
ferenl objects will feel to us to have different d^^reei of 
heat. If we immerse the naked bo<iy in a bath of 
water at the temperature of 120°, and, after remaining 
some time immersed, pass into a room in which the ur 
and every object is raised to the same temperature, «e 
shall experience, in passing frora the water into the air, 
1 of coolness. If we [ouch different olgects 
1, a!l of which are at the temperature of 1S0°, 
t shall, nevertheless, acquire very different perceptions 
f heat. \VTien the naked foot rests on a mat or carpet, 
« of gentle warmth is felt; but if it be removed ta 
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^tilea of the Soot, heat is felt sufScient to produce 

(. If the hand be laid on a marble chim. 

f piece, a strong heat is likewise felt, and a still 

T heat in any metallic object in the room. Walls 

I woodwork will be felt warmer than the matting, or 

(;elothes which are put on the person. Now, all 

ie objecti are, nevertheless, at the same tempemture, 

y be proved by the application of the thermometer. 

n this chamber let us suppose that we pass into one 

Slow temperature : the relative heats of all the oK 

t be found to be reversed : the matting, 

:ling, and woollen objects will feel the most warm ; 

roodwork and furniture will feel colder; ihe marble 

; and metalUc objects the coldest of all. 

thelesa here, again, all the objects are exactly at 

e temperature, as may be in like manner aacer- 

d by the thermometer. 

p the ordinary state of an apartment, at any seaaoa 

6 year, the objects which are in it all have the same 

rature, and yet U) the touch they will feel warm or 

1 different degrees: the metallic objects will be 

nd marble less so; wood still less bo; 

S CftTpeting and woollen objects will feel warm. 

e bathe in the sea, or in a cold bath, we are 

tomed to consider the water as colder than the air, 

r colder than the clothes which surround 

Now, all these objects are, in fact, at the same 

A thermometer surrounded by the cloti 

or suspended in the atmosphere, or im* 

: sea, will stand at the same temperature. 

L linen shirt, when first put on, will feel colder than 

a flannel shirt wilt actually feel 

^lH these have the same temperature. 

e sheets of the bed feel cold, and blankets 
j^Dlanketa and sheets, however, are equally 
, calm atniosphere, in summer, feels warn 
|!.wind arises, the same atmosphere feels cool. Now, 
r suspended under shelter, and in a calm 



i 



ST* ■* TBEATIBE ON HEAT. CHAP. I 

place, will indicate exactly the same temperature t 
thermometer on which the wind hlows. 

These drcumsCancea may be satisfactorily explain 
when it is considered that the human body i 
itielf almost invariably, in rD situatians, and at all pirn 
of the globe, at the temperature of 9^° ; that a senuliaD 
of cold is produced when heat is withdrawn from aaj 
part of the body faster than it is generated in the 
■niilial system; and, on the other hand, warmth is fdt 
when either the natural escape of (he heat genoated i* 
intercepted, or when some object is placed in contact nith 
the body, which has a higher temperature than that of 
the body, and, consequently, imparts heat to it. Tbf 
transition of heat from the body to any object, when that 
object has a lower temperature, or from the object to dK 
body, when it has a higher temperature, depends, in * 
certain degree, on the conducting power of the ol^ecu 
seferaliy; and the transition will be slow or rapid ac- 
cording to that conducting power. An object, therefote, 
which is a good conductor of heat, if it has a. lomr 
temperature than the body, carries off heat quickly, ud 
feels cold; if it has a higher temperature than the body, 
it communicates heat quickly, and feels hot. 

A bad conductor, on the other hand, carries off ud 
commimicates heat very slowly ; and, therefore, tbou^ 
at a lower temperature than the body, is not felt to tie 
colder, and, though at a higher temperature, not felt U 
be warm. 

Most of the apparent contradictions which have been 
already adduced in the results of sensation, compared 
with thermometric indications, maybe easily understood 
by these principles. 

Wtien we pass from a hot bath into a room of (be 
same temperature, the air, thouRh at a higher temperature 
than our body, communicates heat to it more slowly than 
because, being a more rare and attenuated 
substance, a less number of Its particles are in actual 
«Dntact with the body ; and also such particles as are in 
~ intact with the body, take almost the some temperuure 



^^^L substance, 
^^^M«Dntact wil 

^^^^spntact 



« the body, and adhere to it, forming a Krt of coating^ 
or shield, by which the body is defended from the • 
efiects of the hotter part of the surrounding atmoBphere. 
A carpet, being a bad conductor of heat, fails to trans- 
nut heat to the foot; and, therefore, though at a higher 
temperature than the body,crcate3 no sensalionof warmth. 
The tiles and marble being better conductors of heat, 
and at a higher temperature than the body, transmit 
heat readily; and metalhc objects still more so. Tliese, 
dierefore, feel hoL On psEsiiig into a cold room, the 
my contrary effects ensue. Here all the objects have a 
temperaturebelow that of the body; the carpet, and other 
bad. conductors, not being capable of receiving heat when 
touched, produce no sensaiion of cold. Wood, being a 
better conductor, feels cooler. Marble, being a better 
conductor, gives a still stronger sensation of cold; and 
metal, the best of all conductors, produces that senution 
in a stiU greater degreu. 

In cold temperatures, the ]iartieles of water which 
.carr; oS* the heat from the body are far more numerous 
than those of air, and, therefore, carry the heat off more 
nipidly; and berides, they are constantly changing thdr i 
.- pontion ; the particles warmed by the body immediatelf I 
ucend by their levity, and cold particles come into con- ' 
tact witb the skin. Thus water, although a bud con- 
ductor of heat, has the same effect as a good conductor, 
by the effect of its currents. 

Sheets feel colder than the blankets, because they are 
better conductors of heat, and carry off the heat more 
rapidly from (he body ; but when, by the continuance 
of the body between [hem, they acquire the same tem- 
perature, they will then feel even warmer than the 
blanket itself. Hence it may be understood why flannel, 
worn next the skin, forms a warm clothing In cold cli- 
mal«i, and a cool covering in hot cUmatea, 

To explain the apparent contradiction implied in the 
fact, that the use of a fan produces a sensation of cool- 
DCBS, even though the air wltich it agitates is not in. uv^ 
degree altered in temperature, it ia neoesaarj «> oswiJust 

^^ BB 4 _ 
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that the lir which BUirounds us is generally at a kvn 
temperature than that of the body, ff the air be 

and still, the puTicles which are in immediate a 
with [he Ekin acquire the temperature of the skin itidf, 
and having a sort of molecular atlrnction, they a" 
to the skin in the same manner as particles of a: 
found to adhere to the surface of glass in philosophio! 
aperimenta. Thus sticking to the skin, they tona i 
sort of warm covering for it, and speedily acquire iU 
tempnature. The fan, however, by the agitation whick 
it produces, continually expeU the particles thus a 
tact with the skin, and brings new particles int( 
situaEioD. Each particle of air, as it strikes the ildD, 
takes heat from it by contact, and, being diiveo d^ 
carries that heat with it, thus producing a c 
Bation of refreshing coolness. 

Now, from this reasoning it would follow, that if wt 
were placed in a room in which the atmosphere hsi 1 
higher temperature than 96°, the use of a fan would 
have exactly opposite effects, and, instead of cooling, 
would aggravate the efibcts of heat ; and such woold, ii 
fact, take place. A succession of hot particles waoU, 
therefore, be driven against the sldn, while the paitidtf 
which would be cooled by the skin itself would be eo 
stantly removed. 

It may be objected to some of the preceding resM 
ings, that glass and porcelain, though among the wonl 
conductors of heat, generally feel cold ; this, however, 
is easily explained. When the surface of glass is fii 
touched, in consequence of its density and extieiM 
smoothness a great number of particles come into nn- 
tact with the skin ; and each of these particles, haviog ■ 
tendency to an equilibrium of temperature, t^es h(*l 
from the skin until they acquire the same temperstnR 
as the body which is in contact with them. When tb 
surface of the glass, or perha|>s the particles to a 
^Tery small depth within it, have acquired the tem 
e of the skin, then the glass will cease to fed c 
a bad conducting power does not °"rM? J^ 
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attract more heat from the body. In fact, the gUfli* 
will only feel cold to ihe touch for a short space of ti: 
after it ia first touched. The same obsereation wiH. 
apply to porcelain and other bodies which are bad con- 
ductors, and yet which are dense and smooth. On the 
other hand, a mass of metal, when touched, will continue 
to be felt cold for any length of time, and the hand will 
be incapable of warming it, as was the case with the 

A silver or metalUc tea-pot is never canstrucCed with 
a hanille of the same metal, while a porcelain tea-pot 
always has a porcelain handle. The reason of this ia, 
that metal being a good conductor of beat, the handle 
of the silver or other metallic tea-pot would speedily 
acquire the same temperature as the water which the 
Tend contains, and it would be impossible to apply the 
hand to it without pain. On the other hand, it is usual 
to place a wooden or ivory handle on a metal tea-pot. 
These substances being bad conductors of heat, the 
liandle will be slow to take the temperature of the metal; 
and even if it do take it, will not produce the same sens- 
ation of beat in the hand. A handle, apparently silver, 
ia sometimes put on a silver tea-pot, but, if examined, it 
will be found that the covering only is silver ; and that 
at the points where the handle Joins the vessel, there i>i 
a small interruption between the metallic covering and 
the metal of the tea-pot itself, which space is sufficient 
to interrupt the communication of heat to the silver whidt 
GOverB the handle. In a porcelain tea-pot, the heat i* ^ 
■lowly) transmitted from the vessel to its handle ; and 
even when it is transmitted, the handle, being a bad, 
conductor, may he touched without inconvenience, 

A kettle which has a metal handle cannot be touched 
when tilled with boiling water, without a covering of 
some non-conducting substance, such as cloth or paper; i 
while one with a wooden handle may be touched widiouti 



The feats sometdmes performed by quacks and moun- 
ebanlLaj in exposing their bodies to fierce temperaturet. 



D the priQcipie here laid down, 
Wkm • BM gen into an oven raised Ui a very h^ 
liHfeitfHC, be takes care to have nuder hU ftct 
1 Aick ■« of sDaw, votA, oi other uiHi-coiidnctiiig 
i^daBee, npai wliich he ma^ stand with iiiipiimi]> it 
tm jmfmei iiMffiMarr^ Uu body u KUToauded viA 
K. n^ed, it ia trae, lo a hi^ leniperatiiie ; bat de 
i i npii— I MamXf «f tfau ftud causes all that pcxtiou of 
k n enoaet wiA die hodj at ao j f^veo tame to pnxtacc 
a di^ «Aa in eoanmiinirating beat. The eslli- 
be out of ctmtact with iSf 
J mbcEance ; and when he exhibit! dc 
1 by ilie oven in wbich be ia endoted 
I, he takes equal care to place tiim ii 
It from that in wbich he hiniidf 
d; he apoaei them to the effect of metal at 
gaodfrfwnniii. Meal has be«]eshitNted,dnMBl 
'ifar^MBt with the exfaibiiar: a metal soi&eeb 
fcacMe ponded, and, pnb»hlY,liesiedtaa mah 
t loBfeniyie than rite aonoipbere which i 




CHAP. XVII. 



Thb investiptiona which have formed the subject of 
the preceding chapters of this voltttne have necessarily 
led to the frequent mention of the chief Bources from 
which heal may be derived ; and the operation and 
efifacts of some of these sources have been, to a certain 
extent, explained. In a treatise, however, devoted ex- 
dndrely to the subject of Heat, it seems necessary to 
offbr Bonie more detailed view of the physical sources of 
dist principle. 

By a EoureE of heat, we would be here understood 
to mean any object or process, natural or artiiicial, by 
which the quantities of Heat contained in a body may 
be increased, or by which they may be transmitted from 
one body to another. 

Under this point of view the principal sources of heat 
■nay be enumerated as follows, in which order we shall 
consider them : — 

1. Solar light. 

2. Electricity. 

S. Condensation of vapour, and solidification of liquidsi 

4. Percussion, compression, and fnclioii. 

5. Chemical combination. 

6. Animal life. 



I. Solar Light. 

The globe which we inhabit, in its physical characters, 
ii in all respects analogous to the smaller bodies which 
exist on its Burfflce. These bodies, being within the 
reach of direct experiment, are the means by which, in 
ifae fint instance, we are enabled to discaver the chief 
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properties of matter. Observation of the more diiunl 
appearances of the greater masses of the univen 
eluding the earth itself, leaches us that these bodies tue 
playing the same part, on a grander stage, as the m<W( 
miuute particles of dust wliich dance in the sunbeam, or 
the still more impalpable atoms of air which float aroniid 
us. The force of an irresistible bodj of analopn, 
therefore, horries ua to the conviction that the same 
physical properties, which observation and experience 
discbse to us in the more limited masses which imme- 
diately surround us, are exhibited in exactly the Mine 
manner among those infinite systems of bodies, wliidl, 
filling the immensity of space, are placed far beydud 
the reach of that species of observation by which alnie 
those peculiar qualities can be detected. 

Like other physical qualities, the distribution of lieil 
is T^ukted by the same laws among the bodies of ibe 
universe as among the bodies which surround us. Tbe 
earth radiates and absorbs heat in the same manna u 
any body placed on its surface. If there were do s- 
temal source of heat, therefore, the consequence noiild 
be that the earth, by constantly dismissing heat by ra- 
diation into the surrounding space, would be graibul^ 
cooled, and the temperature of all objects would ftll 
indefinitely. Liquids would be converted into stdidi; 
and gases into liquids, and subsequently into solidi. 
But although the earth radiates heat, and thereby em- 
tinually loses a portion of that heat which it contaiu, 
it, on the other hand, absorbs such heat as is radiated 
upon it by other boilies. The bodies of the univene, 
from which the earth in this manner may receive t 
supply of heat to replace its loss by radiation, may be 
expressed in three distinct classes : 1st, the sun ; 2d, the 
other bodies of the solar system, including planets and 
sateUitea, and the moon ; and, 3d, the fixed Mart. 
We have already seen that the heat which accompaniei 
the rays reflected from the moon is inappreciable to the 
"Dost sensible thermometer ; and that, even admitting 
Iwt.the reflection of heat from the moon was propoi- 
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tional with its reflection of light, the utmost effect of 
its rajs, when condensed 500 times by a powerful re. 
fleeter or lene, would not produce an effect amounting 
to a minute fraction of a degree of the thermometer. 
It may, therefore, be assumed, that from the moon the 
earth iteeives no sensible supply of heat to replace that 
-wbich it loses. 

The experiments of professor Leslie on radiation 
lead to the conclusion that the power of radiated heat 
from a given object varies with the magnitude of die 
oIqccC and the distance, increasing in (he same propor. 
tion as the superficial magnitude is increased (the nature 
of the surface bdng supposed to be given), and de- 
creasing in the same proportion as the distance is in- 
creased. From this conclusion it follows, that the effect 
of heat radiated from an object is always proportional 
to the apparent visual magnitude of that object. Thus, 
if two bodies, radiating heat in a similar manner, have 
flie same apparent magnitude, whatever be Iheir real 
magnitude, the effect of their radiated heat will be the 

Assuming that the surfaces of the planets and their 
gatelliles have the same power of reflecting heat as 
tlie moon, it will follow, that the effects of these 
bodies in radiating heat to the earth, compared with 
diat of the moon, will be in proportion to their apparent 
magnitudes. Now, the apparent magnitude of the 
largest of these bodies is prodigiously less than that of 
the moon, and many of them have so small an apparent 
roi^itude as to be invisible to tlie naked eye. It foi- 
loWB, therefore, if the heat radiated to the earth by the 
moon be inappreciable, that which proceeds from the 
planets and other bodies to the solar system will be still 
more inconsiderable. So far, therefore, as the solar 
nttem is concerned, the sun alone must be r^anied as 
the means of restoring to the earth the heat which it 
loses by radiation. 
All the results 
I mace the probability thi 



dmilar to the sun. They shine with their own light, 
Mil not, like the planets, with light received from in. 
Other object. Tbdr light is, therefore, far more intenae 
and splendid than that of aay planet. If it be at 
sumed, that these bodies be similar to the sun, we mi; 
suppose that their rays are equally calorific. It wifi 
therefore follow, by the law established by sir John 
Leslie, that the heating power of the fixed stars will be, 
to that of the sun, in the proportion of their apparenl 
magnitudes. On a first view of these facts, and con- 
aidering the intense healing power of the son's rayi, 
and the immcnee number of the fixed stars, it mi^t be 
supposed that the firmament, studded as it is by tbese 
bodies, would offer as exleneive source of heat. Sud, 
however, is not the fact. The distance even of tb« 
nearest fixed stars is so immense, that the moat pmier. 
fill telescope ever yet constructed has been incapaUe of 
producing the slightest efiect in magnifying them. la 
fact, no fixed star has any visual magnitude whsMva; 
they are mere lucid points which subtend no angle (0 
the eye. If, therefore, Leslie's law be applied to liiea, 
it will follow that the heal of solar light is, to that of 
the fixed stats, in an infinite proportion. 

From this it appars that the only external source of 
appreciable beat to the earth is the sun. 

The eomposilion of solar iight, and the riifTerail 
heating powers of its constituent parts, have been sire*!; 
fnlly explained in Chapter XIV. We have also gbowD 
in that chapter the intense healing power of the nntunl 
light of the sun when concentrated by artificial nietiW- 
The heal produced in this manner far exceeds in in- 
tenaity most artificial heats, and is, probably, not infeiiR 
to the powers of Voltaic electridly, or to the efiecu of 
the blow-pipe. 



When the electrical eguilibiiui 

n destroyed, its sudden restoration ie attendad «i 
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exlubition of light and an intense heat. A like effect 
attends the same phenomena in Voltaic electricity. These 
sabjects, however, heloiig more properly to the aulfject 
of electricity than to that of the present treatise, and we 
ahftU, therefore, confine ourselves merely to the mention 
of than as one of the sources of heat, reserving a de- 
t^ed account of the effects for our Treatise on £lec- 



^^^Bi Condensation of Vapoiir, and SolMificatiori of 
^^^p Liquids. 

In the Sixth and Seventh Chapters of this volume 
dieae phenomena have been fully explained. When 
a body in the liquid state passes into the solid form, 
or u congealed, all that quantity of lieat which existed 
in it in the latent form is disengaged, and may be 
communicated to any other body, and caused either to 
raise its temperature, or to proiluce on it any of the 
l^ydcal effects of heat. In some cases, this latent heat 
may be made to affect the temperature of the ice itself, 
and actually to become sensible in the ice. Thus, if 
water be cooled below its freezing point, still remaining 
in the hquid slate which it may be, even to tlie extent 
<rf S?" below the freezing point, the moment it solidifies 
it rises to the temperature of 32°. A part of the heat 
which is extricated in solidification is here employed in 
warming the ice to the temperature of the freezing 
pcrint; the remainder is dismissed into the surrounding 
air, or communicated to any adjacent object, and may be 
onployed in producing any of the ordinary efifects of 
beat 

In the condensation of vapour, or ita restoration to 
the liquid state, all that heat which is absorbed in taWng 
the vaporous form is dismissed, and may be commu- 
nicated to any other body, and made to produce any of 
the effects of heat. 



^ 



IV. Frrttuiion, Compression, and FrwUm. 

Id general, when a bod;, b; mechanical force v 
odter means, is reducecl in its dimensions, so that ill 
panicles pass into a more condensed stale, heat is evidred 
— that if, the temperature of the body is rBiEcd. 

A piece of metal, struck with a hBtnmer, beconia 
warm ; and if the blow be repealed, the temperature wiD 
be COTUtantly raised. Iron may, in this manner, he 
rendered ctcd ted-hol by percussion; but there is a limit 
U> this process; and it is found that, after a certain qaaa- 
tit; of hammaing, the metal attains a state at wluch it 
n incapable of eTolving more heat. 

There is reaaon to suppose that when it has actaiiKd 
this limit, ic is capable of no further condensation b; 
pocnssion; and this would lead us to connect the enilii- 
tioD of heal with the increase of denailj. 

There is also reason to believe that the inoeaKd 
dendty is attended with a decrease of sperific heat, — » 
dmimstance which would account for the eTolattan oC 
beat ; since the body, after condensation, contuns l&t 
Bune abmlute quantity of heat as before, by w 
diminished specific heat will give it a higher t 
Rture. The beat which is evolved in the rolling of 
metallic plates, and in wire-drawing, may be atCtiboKd 
partly to compression and partly to friction. 

The most remarkable case of the evolution of beat 
by compression is eihibiled when air is highly con- 
densed. It would seem that the heat evolved in lhl> 
process is sometimes so intense as lo be accompanied by 
light. A slight flash of light is observed to accompany 
the discharge of an air.^n in the dark ; end if a gliM 
lens be fixed in the side of the copper ball in which the 
air is condensed, a flash of light will be obserred at cad 
■troke of the piston. 

■Whether tile air, in compression, however, becomes 

., it ig certain that it attains a tempet- 

niffident 10 ignite certain substancea. If a oaU 
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portion of the speciea of fungus called loletua igniariui 
or amadou be steeped in a solution of nitre, and dried, 
it will take fire, when placed under the piston of a syringe 
in which air is suddenly condensed, 

£very one is familiar with examples of the evolution 
of heat by friction. It la trell known that fire may be 
fcindletl by rubbing pieces of dry wood rapidly against 
one another, accompanied by pressure. If the axle on 
which a carriage wheel revolves be not kept well oiled 
or greased, so as to diminish the friction, it may be- 
come red hot, and baa even been known to set ^re ta 
the wheel. In factories, where pieces of machinery are 
kept in rapid motion, it is necessary to supply to those 
parts of them which are most exposed to friction, s 
stream of water to keep them cool. 

The most remarkable set of experiments instituted 
for the purpose of investigating llie effects of friction in 
the production of heat, were executed by count Rum- 
ford. 

This philosopher took a cannon, cast solid, and rough 
tnm the foundcry. He had its extremity cut off, and 
turned it in the form of a cylinder, about eight inches 
diameter, and ten inches long ; it was connected with the 
cannon by a small cyhndrical neck. In this cylinder, 
4 hole was bored, S-j'^th inches in diameter, and 
T-^ths in length. Into this hole was put a blunt steel 
borer, which, by means of horses, was made to rub 
against the bottom. At the same time a hole was made 
in the eyUnder, perpendicular to the direction of the 
bore, and extending in the soUd part a little beyond the 
end of the bore. Into this hole was introduced a ther- 
mometer to determine the heat acquired by the cylinder. 
la order to prevent the escape of the heat, the cylinder 
was surrounded with flannel. Matters being thus ar- 
ranged, the borer was pressed against the bottom of the 
hole, with a force of about 1 0,000 lbs., and the cylinder 
was made at the game time to revolve once in two se- 
conds. At the commencement of the experiment, the 
tppperature of the cylinder was 60°. At the end nl 
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half an haiir it attained a temperature of ISO'. The 
metallic duat, produced by the friction, weighed SSJ 
grains. If it be siippoaed that the heat which ivxA 
the temperature of the cylinder was all evolved from 
this duat, it must have given out a& much heat as would 
raise it through a range of temperature, amounting to 
the inconceivable extent of 6(5360° ; for the weiglil ot 
the cylinder was ()4S times the weight of the dost, con. 
seijuently, to raise the cylinder 1°, would require u 
much heat as would raise the dust ^fi° ; but, as the 
cylinder was raised 70°, we shall obtain the whole 
amount of heat disengaged by the dust, by multiplying 
9-i8° by 70. In another experiment, count Rumforf 
enclosed the cylinder in a wooden box, filled withwatcr, 
which effectually excluded air, the cylinder itself, twl 
the borer, being surrounded with water. The niotion 
of the instniment was, at the same time, not impeiW 
by this arrangement. The quantity of water amounted 
to lS-7Tlbs. avoirdupois, and the temperature of ite 
whole, at the beginning of tlie experiment, wai 60'. 
The cylinder was made to revolve for an hour at ibr 
e as before ; and the temperature of llie wucr 

s raised to 107°. In half an hour more it wag raised 
^ hours, from the commencement of 
the experiment, the water actually boiled. The heW 
evrfved in this process was calculated to have bew 
suKicient to raise Slj j lbs. of water from 32° to bnlil^ 
beat. 

Sir Humphry Davy showed that two pieces of id, 
in an atmosphere maintained at the temperature of 
e caused to melt each other by niblniig diem 
together. 

It does not appear that the efoluiioa of heat by 
friction can be reduced to that class of phenomena in 
which increase of temperature accompaniei increase ill 
density. Heat is produced by rubbing soft boiB(* 
" r, in cases where no increase of dm* 
sity takes place. If the hands he rubbed stnartl]' V^ 
. .jlEther, or against « piece of doth, or any [ough n 
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Warmth will be obtained, anil beat developed. Neither' 
can this phenomenon be traced to any effect produced oai I 
the specific heat of the bodies which are rubbed together, 
for the specific heat remains the same after the frictioi) 
as before, nor has it an; analogy to combusdon, or other- 
Caaea of chemical combinwion. The presence of oxygem J 
gas, or any other supporter of combustion, U alM^dieW J 
unnecessary. 

V. Chemical Combination. 

This source of heat has been explained incidentally,. 
ill several parts of the preceding chapters, so Adiy, that 
little remains to be added on the subject in this place. 
It has been slionn that chemical combination is the 
cause of the whole series of phenomena of combustion, 
and that every case whatever, in which bodies combine 
cheniically, is attended with a change of temperature. 
Whenever the temperature of the compound is greater 
than that of the components, chemical combination be- 
oomea a source of heat. ^I'e shall merely add here a 
few examples illustrative of this principle. 
Id those which have been already given in other parts 
of this volume. 

If a quantity of water be poured on a mass of quick 
lime, a temperature is produced considerably exceeding 
that of boiling water. Water, i 
from the liquid to the solid state, 
s latSht heat, in the san 
e obvious si 



in freezing. This is 
CKperiment. It doe: 
only one. 






n so doing, dia- 
^ncr as it wonld 

c follow, that it ii 



c acid gas be passed through 
water, a considerable elevation of temperature will be 
produced. In thia case a chemical combination is formed, 
between the gas and the y. 

If oxygen and hydrogen gasea, in the proportion of 
8 to I by weight, be introduced into the same vessel, an 
dectric spark passed through them will cause thern to 
fipmbiiie> and water will be formed. T^e heat produced io 



^ 
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Ae tntuitiiin of these gases to ibe liquid state, obtained 
bj comtunalion, is very conaderable. 

When die chloride of azot«, an. aiij liquid, i* d«om< 
poeed, its eMistituents take tbe form of gas, and expand 
into 600 times their Toloine. The expansion is tcaoD- 
panted by a considerable evolution of light and beat,ind 
bj explosion. This it one of tbe cases in which cbe. 
mical action seems to evoke beat in circumstances con- 
tnry to that in which it is produced by mechanicil 
means. The erolotion of heat is here accompanied bj 
change which, when chemical agency is not present, it 
generally productive of extren 
from the bquid to the gaseous 



VI. Animal Life. 

The investigation of this source of beat belongs mow 
]»apeily to pbysioli^y than to the subject of the present 
treatise. It may be suflicieDt, therefore, to stale haei 
that there eiists, in the animal economy, some unknoini 
means by which heat is produced and r^;iilated. It is 
tbe peculiar property of life, that a living body nuin- 
tains the same degree of heat in all vicissitudes of di- 
mate and weather. The temperature of tbe bumin 
body is maintained at about SS°, whether it be exposed 
to the frozen atmosphere of the pole, or to the ardail 
heat of the tropics. In the animal economy, thetefoi^ 
there must exist certain properties by which temperatme, 
if not the quantity of heat itself, is r^;u]ate4i it* '^ 
eess checked, and its defects supplied. 

Whatever be the means by which heat is genenledil 
tbe system, the processes of perspiration and evapor- 
ation, radiation from tlie surface of the boily, and itK 
loss of heat by contact with the eurtounding air, and 
other objects of a lower temperature, are sufficient Is 
explain why the heat generated in the system does doI 
ftccumulate so as to raise the temperature indefiniKly. 
,«nd that, on the contrary, why, whatever be the lem- 
ilure of the alim&te, that of the body does Dot O^ 
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ceed a certain limit. When the lemperaliire of the 
idimate ia low, radiation, and conduction, and tlie IcEa 
of heat hy the contact of cold objects, operate power- 
ftjly, in proportion to the difference between the 
temperature of surrounding objecls and that of the 
body. In warm weather, or in hot cliniatea, where the 
difference beiween the temperature of the body and that 
of the air and every surrounding object is small, these 
effects are proportionally <liminished ; but then the heat 
carried off by perspiration and evaporation from the 
skin is proportionally increased, so that as the activity 
of one principle U abated, the other receives increased 
ene^y, and the temperature of the body is regulated and 
fixed. 

It is not, however, so easy to explain the natural 
means provided in the animal economy, by which heat 
ia generateti. The obvious analogy which respiration 
bears to combustion, first su^ested a method of ex- 
plaining this process. In respiration, ojtygen combines 
with carbon, and in combustion, a like effect takee 
place. Hence the combination of oxygen with carbon 
in Ae lungs, furnished the foundation of one of the 
earliest attempts to explain the source of animal heat. 
The heat evolved in this combination in the lungs was 
supposed to be communicated to the blood, and to be 
thus circulated through the system; but here a difficulty 
presented itself. Under these circumstances the lungs 
would be the hottest part of the botly, a consequence not 
consistent with fact. This difficulty was removed by 
» theory proposed by Dr. Crawford. He stated, from 
some experiments which he had made on arterial and 
venous blooil, that the specific heat of arterial blood was 
greater than that of venous blood, in the proportion of 
1030 to B92 ; and, consequently, as the blood passed 
from the lungs to the arteries, its capacity for heat was 
mddenly increased, and the heat evolved by the com- 
bination of oxygen with carbon, in the procesa of le- 
ipiratioB, was consumed in supplying to the arterial 
Unod that additional quantity of heat which its increased 

^m <io3 'J 
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opacity nndeted necessaiy for ibe pTeseiTatioii of itt 
t^posmre. Tbe arterial blood, io passing from the 
•ittria tfarongh the c&pillaries, again tinderwent a di- 
ipadty for heat, and heat must, therefore, be 
ltd the ajstem. Thus the heat absorbed by 
Ae Brtetial blood in the vdns was cominimicated Co ererj 
fmn of the ETStetn, and rasintained its temperature. 

Tine dworf, |daiuible anil beautiful as it uttquetttoP' 
Mj is, wa attacked by Dr. Jabn Davy, who dispnted 
the (act on which it nas founded. He stated, on tbe 
authority of experiments made by bimself, cbat tbeie h 
little or no difih«iic« between the specific heats of u. 
toJal and renons blood ; and, therefore, the heal evolwd 
in respiralioQ cannot be consumed by any iocreaeed e»i 
padty which tbe blood acquires in tbe lungs. 

According to motber theory, the oxygen inhaled iS 
reqiiratton is not immediately combined with carbon 
in that process, bat is dissolied by the blood, and ra- 
tied widi it through tbe system. In its progreFtiiii 
gradually combined with carbon, and, on returning to 
the lungs, it is expired in the form of carbonic aoA. 
This supposition would account for the gradual evolulion 
of heat by the blood as it posses through the system. 

Some philosopbers deny altogether that the comlm- 
tion of oiygen with carixm in tbe system is, in tny 
degree, instrumental in the production of animal beat, 
and refer tbe erolution of caloric altogether to the in- 
fluence of the nervous system. Among these autbo- 
rities (he principal is Mr. Brodie, who ma4e some in* 
genious experiments on rabbits, irith a view to OTatm 
the received theory. A rabbit was liiUed by the dividm 
of its spinal marrow. Tbe head was removed, the Tew 
sels of the neck being secured by ligatures, and Ac 
node of a bellows fitted to the trachea. In this wtj 
artificial respiration was continued by the bellows it 
desd body of the animal. The circulation was thai 
intinued, and tbe air respired underwent the same 
the Mf'ing animA ■, we-aerfnfe\s!i» the Kio- 

■■ture of the tod's feli,eNt\vm«BWSv&'j'iiMSQ.--&w« 
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ther rabbit of exactly the same size and colour, killed 
in a Bimilar manner, but in which tbe process o( artifi- 
cial respiration was not carried on. 

The result of this experiment of Brodie has been, 
however, disputed ; and ihe experiment being repeated 
by other physioli^ists is said to have been attended with 
different eSecls, the process of cooling being evidently 
retarded by artificial reGpiration. Indeed, there are 
many drcumstances, which, taken together, form a body 
of evidence almost irresistible, that Ihe source of animd 
neat is somehow or other dependent on or connected 
With the proceSE of respiration. Thua it is found, that 
tlie temperature of the blood is low, and is influenced by 
a»e temperature of the surrounding medium in all those 
classes of animals whole respiratory organs are sraall 
and weak, and which consume oxygen in small quan'> 
lilieE, and generate little carbonic acid in respiration. 
On the other hand, the warm-blooded animals are found 
to poBsess powerful respiratory organs; and in proportion 
ss the temperature of the animal is high, so is their 
breathing apparatus large, and the consumption of 
oxygen and production of carbonic acid considerable. 
In the same animal, also, the state of the circulation has 
an obvious connection with the power of generating 
heat. When the blood circulates slowly, the temper- 
ature is low ; and, on the contrary, when the circulation 
ia rapid, and oxygen consumed, and carbonic acid pro- 
duced largely, heat is generated rapidly and abundantly. 

From some experiments made by Jurine and Aber- 
nethy, it would follow that the whole surface of the 
body is employed in a sort of respiration; for oxygen ia 
consumed, and carbonic add generated at the surface of 
the skin. Though these experiments have been ques- 
tioned, so far as r^ards the human subject, they are in- 
disputable with respect to other animals. If this, then, 
be assumed, will it not follow that heat is generated by 
this combination of oxygen and carbon, throughout the 
whole surface of the body, as well as'b'j 'tb» ^totcw ^A 
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CHAP. XVIII. 



■ IIavino in the preceding chapters of this volume e . 
plained, with some detail, the variouB and coraplicitcd 
effects produced by heat, under all the variety of circiUD* 
stances in which (hat physical principle exhibits itiel^ 
it now only remainB to notice the attempts wliieh ht.n 
been made by different philosophers to generalise lh»e 
phenomena, and by aEcendlng in the chain of effecta U 
discover thereby the nature of their common cause. ■ 

Two different hypotheses have been proposed n 
ing the nature of heat. Id the first, it is regard^ 
a material substance sui generin, nhich pervad 
nature, and is capable of combination with other bi 
snd by such combination, produces the 
attributed to heaC. In the other, heat is regard 
as a material substance, hut as a quality of matter J 
body when heated is supposed to be put io 
state ia which its constituent molecules, or 
cules of some subtle fluid which pervades it 
into a state of vibration; and this vibration isi 
as the cause of heat. 

The vibratory hypothesis has been maintained il 
ferent senses by different philosophers. By s 
vibration is attributed to tlie constituent moleeaL 
the body which manifests the quaUty of heaL 
Huppoee, that a certain subtle fluid pervadea all 
which is highly elastic, and susceptible of vibr 
that it not only fills the abysses of space, but it3, 
fused through the dimensions of all bodies, wheth^U 
the gaseous, Uquid, or soUd form ; that tliis subtle fluid 
capableof bei«s£Ulinwi&a\aW!tit\'^HL'i\oR-, wd&<!ul 



inch vibraiioiiB are the cauee of heat, and probably, : 
another degree, the cause of hght. Leslie attributes 
these vibrations to the air. 

According to the material hypothesis, the expansion 
produced, when the temperature of the body is raised, is 
owing to the calorific fluid which penetrates its dimen- 
■ions, and increases its bull: ; and the more of this fiuid 
is added, the greater will be the increase of bulk. 

Different bodiea are differently enlarged by the addi- 
tion of this fluid, according to the nature of their 
powers, and to the degree of attraction irbich their 
molecules have for the molecules of heat. If there be 
S slight attraction, then the increase of dimension hy 
the infusion of the particles of heat is considerable. Jf, 
on the contrary, there be a strong affinity, then the 
molecules coalescing into a smaller capacity, produce a 
less degree of expansion ; and hence tlie phenomena of m 
qiecific heat are attempted to be explained. J 

In some cases an actual chemical combination takes I 
place between the molecules of heal and those of the 1 
Iredy by which the form of the body is totally changed, 
snd by which thcmoleculesof heatlose their characteristio 
property. Tliese circumstances are derived, by an ob- 
vious analogy, from tlie ordinary phenomena of che- 
mical combination, in which the component parts often 
lose their peculiar qualities by combination ; and they 
more frequently do so the more powerful the affinity by 
which the combination is produced. When t!ie mole- 
cules of heat tlius intimately combine with the molecules 
of die solid, the solid becomes a liquid, and the heat 
loses its ordinary quaUty of raising the temperature of 
the body. In order to awaken this affinity, and give 
efficacy to it, it is necessary that the body should pre- 
viously he raised to a certain temperature. Hence ths 
melting point of each body is fixed. When the liqu&- 
tkction is completed, the affinity is satisfied, and the 
})ody is so far saturated with heaL A similar combin- 
l^tion is adduced in explanation ot the «mvsAw«v o% «■ 
jorf/ frow tbeliquid to the raporoua Iqito, Ktwix*iti.%^a' 
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Havikq in the preceding chapters of this volume eu 
plained, with some deUil, the various aii<l complicated 
effects produced b; heat, under all the variety of drctun- 
ttaticcs in which that physical principle exhibiCB its^, 
it DOW only remains to notice tlie attempts which hire 
been made by different philosophers to generaUse iIhh 
phenomena, and by ascending in the chain of effecu tti 
discover thereby the nature of their common cause- 
Two different hypotheses have been proposed respect' 
ing tlie nature of heat. In the first, it is regarded u 
a material substance aui generic, which pervades ill 
nature, and is capable nf combination with other bodies 
■nd by such combination, produces the varioui effieti 
attributed to heat. In the other, heat is regarded not 
as a material substance, but as a quality of matter. A 
body when heated ie supposed to be put in a ceil^ 
Btale in which its constituent molecules, or the mole- 
cules of some subtle fluid which pervades it, are pul 
into a state of vibration ; and this vibration is consideied 
as the cause of heat. 

The vibratory hypothesis has been maintained in dif> 
ferent senses by different philosophers. By some, the 
vibration is attributed to the constituunt molecules of 
the body which manifests the quality of heal. Othen 
auppose, that a certain subtle fluid pervades all nitUM, 
which is highly elastic, and suseeptible of vibration; 
k that it not only Slls the abysses of space, but is dit 
ftueit lhrou{;li the dimensions of all bodies, whether io 
be gaseouh, liquid, or solid form ; tliat this subtle fluid 
f being putintoasiate of vibration; aodllut 
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■uch vibrations are the cause of heat, and prohably^ in 
vnother degree, the cause of light. Leslie attributes 
these vibrations to the air. 

According to the material hypothesis, the expansion 
produced, when the temperature of the body is raised, is 
owing to the calorilic fluid which penetrates its dimen- 
■iotiE, and increases its bulk ; and the more of this fluid 
is added, the greater will be the increase of bulk. 

Diflei'ent bodies are differently enlarged by the addi.. 
tion of this fluid, according to the nature of their 
powers, and to the degree of attraction which their 
molecules have for the molecules of heat. If there be 
S alight attraction, then the increase of dimension by 
the infusion of the particles of heat is considerable. If, 
tm the contrary, there be a strong alEnity, then the 
molecules coalescing into a smaller capacity, produce a 
less degree of expansion ; and hence the phenomena of 
ipeeific heat are attempted to be explained. 

In eotae cases an actual chemical combination takes 
phce between the molecules of heat and those of the 
body by which the form of the body is totally changed, 
and by which the molecules of heatlose their characteristic 
property. These circumstances are derived, by an ob- 
vious analogy, from tlie ordinary phenomena of che- 
mical combination, in which the component parts often 
lose their peculiar qualities by combination ; and they 
more frequently do so the more powerful the affinity by 
which the combination is produced. When the mole- 
cules of heat tlius intimately combine with the molecules 
of the solid, the solid becomes a liquid, and the heat 
loses its ordinary quality of raising the temperature of 
the body. In order to aivaken lliia aihnity, and give 
efficacy to it, it is necessary that the body should pre- 
tiously be raised to a certain temperature. Hence th« 
mdling point of each body is fixed. 'When the lique- 
taction ia completed, the afitoity is satisfied, and the 
})ody is so far saturated with heat. A similar combin- 
ation is adduced in explanation of the transition of a 
J0(i}r i^om the liquid to die rapoiouB form. According ta 
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drift hy poA ww ^ dw tondenatjon of the Tspour and the 
CiagciHiaa «f the liquid, are instances of a decom* 
yitim, in viudi the mUtei of heat is separated foOB 
Aoft. Bodies, vhoi Aef radiate heal, dismiss the fa- 
ticki of calodc, vliidi paaa throat space with a force 
frofm^oati to that with which the;f are emitted, and, 
eaeawuaing other bodies, ue absorbed or reflected in 
■ peaua tw a leta degree, acrording to the affinities of 
tte pntides oceopjing the nirface of these bodies for 

The &ct that beat b tmismitted through a vtemnot 
b also gmenHj adduced in support of this hrpotliesi, 
in •pporiti^ to the Tibratorji theory. If heat be ad* 
nittcd to be a material substance, it is easily concur. 
afafe thai it maj pass through a glass receiver, and, 
potetnliiig the vacuum, affect the tbennometer placed 
in it. 

Such are the leading ailments by which the rajtW* 
rial favpothesis is supporteil ; and are, indeed, the tttts 
oa which it nai probably formed. 

The f»ct that certain liquids expand in freeiing, d- 
though, at first, it appears at variance with this hy- 
potheas, may, perhaps, admit of espUnation, on the 
anppo^tion (hat the extrication of heat calls into ei- 
iateuee among the particles forces which cause that 
mutual separation. The expansion of water between 
39° and the freezing point, might be conceived to be 
explained in the same way. It is difScult, however, 10 
reconcile this theory with the phenomena of ignilioo and 
eombustion ; and these phenomena are, accordingly, by 
Bome philosophers, consida^d to be utierty inconaalBiI 
with the material hypothesis. 

If it be admitted that heat is a material substanK 
*Bi generic, we might naturally expect that a body would 
'n weight in proportion as heat is added to it 
Thus, a given weight of water, st 212°, when eon* 
lu, receives 1000" of heat, and should, 
[ erefore, be heavier, when in the form of steam, 
I weight of the heat added to it. Aeeoid* 




oordinglf, many philosophers have attempted to test the 
material theory hy this fact. Dr. Fordyee put about 
1700 grains of water into a glass vessel, and scaled it 
hermetically. Its temperature was reduced to 32° by A' 
fieezing mixture. It was carefully weighed, and again 
exposed to the action of cold, by which a considerable 
portion of the water it contained was froien. This 
water then dismissed 140° of heat; and it was expected, 
in conformity with the material theory, that a loss of 
waght wotdd have ensued. On the contrary, it was found, 
by weighing the vessel, that the weight was increased 
Iq- the sixtieth part of ■ grain. Similar experiments, 
however, were subsequently made hy other philosophers; 
and there is reason to conclude that no actual change of 
Veight takes place in a body by any change of tem^ 
peratnre, or by the extrication of heat in the process 
rather of condensation or liquefaction. It must henoe 
be admitted, that, if heat be a material substance, it ia 
one which either does not possess the property of gravis 
tation, or possesses it in so small a d^ee as to be ili- 
appreciable by any means which we possess of meiu 
suring it. 

An ingenious experiment, instituted by count Rum' 
ford, with a view to determine this point, may be here 
mentioned. He suspended equal weights of water and 
quicksilver, inclosed in two bottles, from the arms of s 
highly sensible t)alance. The liquids in this case had 
the temperature of the apartment in which the experi- 
tnent took place, which was 61°. He then exposed 
them, for twenty-four hours, to an atmosphere of 34° ; 
the weight, however, remained precisely the same. 
Now, from the respective specific heals of these two li- 
quids, it is certain that, in descending from the tem- 
perature of 61° to 34°, the water must have parted 
With at least thirty times as much heat as the mer- 

Besidea the defect in the material theory of failing to 
explain these phenomena in which heat is evolved, to- 
gether with light, this tiieory contains an inhetent ^tee. 
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by uBuiDing the existence of a, body which hn neret 
been obtained in a separate form, — a body also, iriiidi, 
so far as all means of practical inveEtigation afibrd any 
evidence, is destitute of the leading material characlerof 
gravitation. In this respect, the theory is in the pre- 
dicament of the exploded phlogistic dieory of Suhl, 
in which the only evidence of the existence of nieb ■ 
suhBtance as phliigistan, was the convenience it aSbrdcd 
in explaining the phenomena of combuKtion. 

The advocates for the vibratory theory contend, Aat 
Uie material hypothesis, besides totally failing to CX> 
plain an exten^ve and striking class of the phenomeni 
of heat, is involved in a contradiction, by the rendc of 
the experiment of count Rumford, described in page 
385, in which heat is evolved by friction. In iMr Cb 
periment no source can he assigned from which ^ 
material fluid, to which heat is ascribed, could be de- 
rived. It was not in any change of capacjfy, for the 
borings had the same specific heat as the metal from 
which they wi:re abraded. Tliat the oxygen of the at- 
mosphere, or the atmosphere in any manner, might not 
be supposed to influence the experiment, it was per* 
formed, as has been already descril)ed, in water. The 
water nnderwent no chemical change, dismissed no coo- 
Etinient pari, and yet it reeeived so great a quantity of 
heat that it boiled. Now it appears, from these ex- 
periments, that heat may he derived from a body, with- 
out any limit whatsoever, by the continued apphcaticm 
of friction. Two bodies rubbed together for all elcmiiy 
will still continue to give out the matter of heat, yet 
they will still contain as much heal as they did al the 
commencement ; a conclusion which implies a manifest 
contradiction in terms. Hence it is ai^ued, that wha^- 
ever heat may be, it cannot be material. 

To this Dr. Thomson replies, by denying the alleged 
fact, that the specific heat of the cyUnder remains dit 
He coMideia that a diminution of specific heal 

B taken place, aTil4a«,n>iM. ■SnieiA'i'QQn.iAVa.', todiii 
lias, temft ^ mattct tA ^■»kx VelVs -<«\a^->L iiMt 
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I appear that Dr. Thomson has experimentally in- 

" o which it IB certain that count Rumford 

t' experimentally inquire, we must, at present, rather 

o admit the force of count Rumford's reasoning 

il hia' facts are disproved. 

'n whetlier the heat produceii by friction 
n the presence of any body, besidea the body 
1 experiment of thia nature was 
,n exhausted receiver by Boyle, Pictet, and, 
e lately, by sir Humphry Davy, In all cases heal 
■ developed by the rubbing surfaces. Sir Humphry 
f caused two pieces of ice lo melt each other by the 
t developed by their mutual friction in a vacuum. 
It is argued that the heat developed in this experiment 
could not arise from any diminution of specific heat in 
the bodies under examination, because the spebiflc heat 
of water is greater than that of ice. The pieces of ice 
used in this experiment, also, were intercepted from aS 
communication with objects, from which they might 
derive heat, by being placed on a plate of ice under 
the receiver. 

Sir Humphry Davy argues, that the immediate cause 
of the phenomena of heal is motion ; " that the laws of 
its communication are precisely the same as the laws of 
notion. Since all matter may be madu to fill a smaller 
volume by cooling, it Is evident that its particles must 
have space between them, and since every body can 
communicate the power of expansion to a body of lower 
temperature, that is, can give an expansive motion to its 
particles, it is a probable inference that its own particles 
are possessed of the same motion ; but if there is no 
change in the position of ita parts as long as its temper- 
ature is uniform, the motion, if it exists, must be s 
Tibratory or undulatory motion, or a motion of the par- 
ticles round their axes, or a motion of particles round 
each other. 

■" It seems pdhsihle to account for all the phenQrnwva.al 

heat, if it be supposed that, in solids, \\ve ^Bii.\des «t.« 

Ja^amsUat state of vibratorr matioTi, the QB.<c\Y£kK» <Si 
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body moling with the greatest Tdodiy, and \ 
sfvce ; thai, in liquids and elonlc 
modoD, which matt be con- 
ihe Ittt, the puticles hare a tnadoB 
M^iA (kcir OWB axes, mlh different Tclocities, the pir. 
lidci tl cfaMk fluids moriog with the greateit qnid[< 
■Dv; lad Am, ia whmal nbstuicea, the putidet mcni 
HMd Acir own Bsra, uid sepuate &om each qlher, 
through space. Temper- 
■17 be twoiird to be depemlent on the vdo6tj 

ten^ pntemed in greater space; and the diminntioatf 
MaperalKR, dnraig the conversioD of solids into liqiddt 
or gwo, aia; be explained on the idea of the Ion of 
vjkMary HHfJ™*, in onueiiueiice of the revoluciaa of 
f— *■"■■*— iwdmI tfaeir ties, at the moiseot when lb( 
hod; beoonn Bqnid or aeriform, or from the losa of 
ngiiEij of Tibtuiim, ia coiuequence of the motian of 
Ae laiiliihi ifanM^ greater space." 

ne Baterial theory has the adtaatage of oaring ui 
oaily inieiligibte explanation of the pbeoomena of hot, 
W £w as it b U all applicaUe or satisfactory. On the 
aikcr haad, tbe tibMarj theory is iQTolied iu the diS< 
mISj of Kqniiiiig mote acute powers of mind lo appie. 
htmA in fane, or tien to understand any of its applka. 
boaa. Indeed, it w«(iU scaiceiy admit of full expa«ili<o 
wilboat the use of tbe language and symbols of tk , 
hiihir nadmiatics ; but, perhaps, tbe strongect cappcit 
wUd dte TifanUry ibeorr can derive, h from the IkK 
«UA render il probable that heat and light are idenlial 
We have ah«ady, in the twelfth chapter of tliis voliunr, 
atated eqdk of the fac::^ and aigumeats which fivour 
thispoatioa. 

The tavs of light diSer from each other in refnngi' 
Uily, in colour, in their chemical influence, and in thdi 
oloriSc power. It is, therefore, probable, that ihf} 
alw Ji8er eHensi»dy in their power of acting on 
■he retina and on Ctie^^C^natmx^vn. Vvbasbeen alreidr 
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observed, that our organa of sensation possess a sensi. 
bility confined within certain limiti ; and this observation 
is not less true of the eye than of the other organs. It 
ie, therefore, probable, that the siglit may be sensible 
only to rays of light limited by certain degrees of re- 
frangibility, and that too great or too small a degree of 
vefrangibility may render the rays incapable of pro- 
(tucing sensation. Certainly some, and probably all, those 
rays which are invisible to us, are lisible to other ani. 
inala. The chemical rays which are situate at the top of 
^e spectrum, beyond the violet rays, may also have the 
calorific power, though In so slight a de^ee as not tn 
afibct the therroometer. It is, in fact, easy to conceive, 
that the calorific, chemical, and luminous property, may 
belong to every part of the spectrum, including even the 
inTisible rays at both ils eiEtremities, but that these piin- 
eiples may vary according to different laws, the one de- 
creasing as the otiier increases, so that one may he in- 
aensible to our powers of observation while another is in 
the full intensity of its action. Such an hypothesis is 
nothing more than a simple espression of the pheno- 
Sieaa. If all the raye which produce invisible beat and 
ciemicsl effects are assumed equally to be raya of bght, 
it will follow that they will be all reflected by the same 
surfaces J and, accon ling to the same law, of the equality 
of the angle of incidence and reflection. Hence it will 
follow, that they will be all concentrated and dispersed 
similarly by concave or convex reflectors. It follows, 
slsOj that they will be all polarised when transmitted 
through double refracting crystals, or when reflected at 
a particular angle by glass, and when they. have re- 
odved these modifications ihey will be susceptible of 
reflection by the glass tvlien placed on two opposite 
adea, while they are incapable, by a similar reflection, 
hy a glass similarly placed on two sides at right angles 

On the other hand, if the chemical and calorific ra^a 
be another priaciplej distinct from tVie Viiaivtiwjfc iwi*,' 
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dwre win be no reason to expect thai dieae ii 
Ttj% will be reflected at alL 

Since, therefore, all these eomplicateil effects produced 
OD tbe luminous rajs are equally produced on noo. 
lominoiis rays, it foUairs, iliBI the fact of their being 
inrmUe is tnily relative to the peculiar d^ree of EEUi- 
Ulity of our eyes, and has no connection with the niton 
of the rays themselveE. According to the experiment ot 
De la Hire, the invisible calorific rays, emitted by the bodj 
when gradually heated, assume the property and qiali^ 
vhieh tbe luminous calorilic rays possess. It may, (bau 
Sate, be inferred, that, when the rays emitted begin to be 
viable, they might be expected to be analogous to the 
least caloritic part of the spectrum, which is its yvAet 
extremity, and this, in fact, is exhibited in all Bsmet. 
If the Itame of a candle be examined, tt will be found 
to exhibit a blue or a violet colour, at the lowest pmnt 
where it emanates from the wick, and this colour in- 
creases lo whiteness where the fiame attains its greatol 
d^ree of intensity. 

Nevertheless, ihese circumstances, while they indiale 
the state of progression, do not exclude the pemliir 
property which may belong exclusively to the suceewite 
phases of that progression. Thus, the calorific emait- 
ations of difierent temperatures, and the tuminoua eman- 
ations of different colours, may differ from each other 
in their power of producing vision, heat, and chemical 
kction, in their power of being transmitted, in th«r 
power of penetrating transparent bodies, ami, perhaps, in 
many other cliaraciers, which philosophers, have not yel 
exsrained, • 

If the identity of heat and light be admitted, then 
tbe question of the nature of heat is removed to that of 
light. Respecting light, two theories have been pro- 
pped, precisely similar to those of heat; vii., the cW- 

I.J, jqJ [j,g undulatory theories. Both of lh«e 

o esfilain the great bulk of optical pbe- 




!, discovered by modern investi- 
1 phyEical optics, are considered to be more 
orily explained by the undulalory theory. The 
question, however, still condnues unsettled. 

If, on a question of this nature, authorities be con- 
ridered to be entitled to any weight, the vibratory theory 
.would seem to have the stronger support. This theory 
waa fir^t suggested by Bacon, and, after hini, adopted 
Boccessively by Boyle, Newton, Cavendish, Kumford, 
Davy, Young, and a host of modern phOosophers. On 
the other hand, some distinguished chemists, among 
whom may be mentioned Thomson and Murray, incline 
to the material theory. 

Dr. Young, whose optical discoveries, more perhap« 
than those of any other philosopher, have countenanced 
the vibratory theory of light, is one of the strongest ad- 
vocates for the adoption of the same theory in heat. 
" The nature of heat," he says, " is a subject upon 
which the popular opinion seems to have been lately led 
away by very superficial considerations. The facility 
■with which ihe mind conceives llie existence of an in- 
dependent substance, liable to no material variations, 
except those of its quantity and distribution, especially 
yibea an appropriate name, and a place in the order of 
the aimpleBt elements, has been bestowed on it, appears 
to have caused the most eminent chemical phiioaophera 
to overlook some insuperable difficulties attending the 
hypothesis of caloric. Caloric has been considered as a 
peculiar elastic or ethereal fluid, pervading the substance 
or the pores of all bodies, in dif^rent quantides, accord- 
iug to their different capacities for heat, and according 
to their actual temperatures; and being transferred from 
one body to another, upon any change of capacity, or 
upon any other disturbance of the equilibrium of tem- 
perattu'e; it has also been commonly supposed to be the 
general principle or cause of repulsion ; and in its pas- 
sage from one body to another, by radiation, it has been 
imagined by some to flow in a continual eUt^ra -, a.iv&, 
bjr others, in the form of separate ^atlic\es, moVwv^, 
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with inconceivable velocity, at great distances fiom eadi | 

" The circumstances which have been alreadj' suied, 
respecting the production of heat by friction, appear to I 
affaril an unanswerable confutation of the whole of thii | 
iloctrine. If [he heat is neither received f¥oin the si 
Tounding bodies, which it cannot be without a depm- 
MOn of their temperature, nor derived from the quaniitj 
aheaUy accumulated in the bodies themeelves, which il 
could not be, even if their capacities were diminished in 
any imaginable degree, there is no alternative hut to 
allow that heat must be actually generated by friction; 
and if it is generated out of nothing, it cannot be matter, 
nor even an immaterial or semi-material substance. The 
collateral parta of the theory have also their separaK 
(hfficulties : thus, if heat were the general principle Cif 
repulsion, its augmentation coidd not diminiiih the ehe- 
ticity of solids and of fluids ; if it constituted a 
tinued fluid, it could not radiate freely through the 
space in different directions ; and if its reptdsive , 
tides followed each other at a distance, they would atffl 
approach near enough to each other, in the focus irf ■ 
burning glass, to have their motions deflected from a 
rectilinear direction. 

"If heat is not a substance, it must be a quality; tsi 
this quahty can only be motion. It was Newton's 
opinion, that heat consiats in a minute vibratory molioo 
of the particles of bodies, and that this motion is MO- 
municated through an apparent vacuum, by the undu. 
lations of an elastic medium, which is also concerned in 
the phenomena of light. If the arguments which ha»e 
been lately advanced in favour of the undulatory nature 
of hgbt be deemed valid, there will he still stronger 
reasons for admitting thie doctrine respecting heat; and 
it will only be necessary to suppose the vibrBtions ttai 
tmdulations, principally constituting it, to be la]^;er and 
stronger than tliose of light ; while, at the same time, 
8mal\er v'ibtauotia ti \\^\., ami. even the blackening 
J derived ttom 6\.\)i nwte wnnXt t'ftjiwipma.ATa.^, 
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ft, when sufGciently condensed, concur in pro* 
J the effects of heat. These effects, beginning 
1 the blackening rays, which are invisihle, are a 
little more perceptible in the violet, which still pOHSeas 
but > faint power of illumination ; the yellow-green 
afford the most hght; the r«i give leas light, hut much 
more heat ; while the still larger and less frequent vibra- 
dons, which have no effect on the sense of sight, may 
be Buppoaed to give rise to the least refrangible raye, 
and to consdtute invisible heat- 

" It is easy to imagine that such vibrations may be ex- 
cited ID the component parts of bodies by percussion, by 
friction, or by the destruction of the equilibrium of co. 
besios and repulsion, and by a change of the conditions 
«n which it may be restored, in consequence of com- 
bustion, or of any other chemical change. It is remark- 
aide that the particles of fluids, which are incapable of 
any material change of temperature from mutual friction, 
have also very little power of communicating heal to 
each other by their immediate action, so that there may 
be some analogy, in this respect, between the i 
catioD of heat and its mechanical excitation." ' 
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tDr. Black, conceiving it probable that steam might be used 
111 great economy if raised from water boiled at lempei- 
ires loner than 212°, made some eiperimenu with a view to 
teimine the quantity of heat necessary to conyert a given 
wught of water at 33° into steam of dilferent temperaliuca 
and pressures. Contrary lo what he had eiperted, be found 
that exactly the same quantity of heat was required to convert 
a given weight of water into steam under whatever pressure, 
and at whatever temperature, below St 2° the water was boiled. 
In the year I HI 3, Mr. Sharpe of Manchester carried this en- 
quiry farther, and extended it to tempemturea ahoveSIS"; 
and the same question was also brought to the test of experi- 
ment, wilb B similar result, by MM. Clement and Desormes. 
Frtym all these cxperimenla it appears that there is no senHbln 
dilference in the quantities of heat consumed in convenui^i. 
given weight of water into stearo, whateveT \x -Hasi -^wss^B* 
umler vMcii the wei it b<Hled. 
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Althmigli ihew resu1um»ybeconHiJereda«p™clic«llyei»«i 
_ t il uppears, from a Tonnula given by Laplace ( Mieanipit 
O&ite, liviii.), tbat the quantiCv of^tieBt neceassry to pro- 
duce steam is not rigorously conatantj but subject to a very 
xlight vBiiatioD. The fonnula of Lnplace is fuunded upon 
two SBUmptions respecting the properties of vapour s _/Wi 
tliM the ratio of the specific heat of sleatn submitted to a fftOi 
prenure to its «peci£c lieat when cDnfined wiihin a given W- 
lume is invariable at ail temperatures; and, xcondlg, that the 
quantity of heat necessary to raiw the temperature of steam 
under a given pressure is always proportional to the eleraliaa 
of temperature. — See Annalei de Cliimie et Fhyaque, tom. iiiiii 
E^p. 937. 
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XV. 
SPECIFIC HEAT. 

I. OASIB. . 

AccOBDiHii lo tbe experiments of Hsycraft, Marcet, t 
Delariie, the sp«citic hesis of gases are inversely as their s_ 
cific gravities. The specific beat, tlierefore, according U> these 
authorities, mnj be computed from tables of specific grarity, 
Tbe subject is, bowever, one which will require further inves- 
tigslion. Al present little conGdence can be placed in any of 
Uw results. 



II. 

Tbe following Tabic of Specific Heat is taken Gram Di^ 
Thomson's IVeutise on Ueat. Tbe authorities are nmrltBd 
U follows :_ 

&«wlbril*, K]rwui+, L»»older and LaplnceJ, WUcliBt, UejciT, 
LcdisILI, Cuunt KiuDfnrd 1], Dolloi, NewByitemdl'Cheiiilcil fblloKiplK, 

„ --- ■iiMjn, p. 84. wiclBS. t»V Johp Datv, PhlL Trimi ISIt 

, ,.„ „ and Petti, Aiin»li of Philoiiiphy, xilL •■" "■-■ -'- "" 

(c), Da^ieti, Ann. de Chiin. et de Pbfi. iiii, SeS (d). 



p.S93.{b), Dutang and Petti, Aniuli of PhUDtDphy.iiiLlH, 
tcJiDB^ieti, Ann. deChlnuel ■<-''►■■■ "■- '"'■'i 

I. Simple Bodkt and Wc 
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'« i.tf. gr. IDtWi; 
K (111(1,7154) 
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""■([.•MB) . -Jl«{d) 
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Fi^us aylvatica 

Carpinus Betulus 

Betulaalba 

IVheat 

Elm 



Sp.Heat 
0-49 T 
0-48 T 
0-48 T 
04770* 
0-4,1% 



QuercusRobur pedunculata 0*45 V 



Fruniu domestica. 
DiospyrcM Ebenum 
Barley 
Oato 

Fit^coal 

Charcoal 
Cind^i 



0-44 T 

- 0-48 T 

- 0-4210* 
, 0-4160* 

CO-fiS (d) 
10-2777* 

- 0-2631* 

- 0-1923 



VIII. Harthi/ Bodies, Stone- 
ware, and Glass. 

Hydrate of lime 
Chalk 



Quicklime 
Athetofpit^oal 



. 0*40 (d) 
f 0-27 (D) 
10-2564 

{0-30 (d) 
0-2229* 
0-2168 t 
01855 



Ashes of elm 
Agate (2-648) 
Stoneware 
Crown glass 
Crystal 
Swedish glass 

Flint glass 

Glass 
Common salt 



(2-386) 



Sp. Heat 

- 0-1402 

- 0-195 ^ 

- 0-195 1 

- 0-200 (a) 

- 0-1929 1 
0-187 % 

"5" 0-19 (D) 
t0174f 
- 0-1770 (c) 

- 0-23 (d) 



IX. Oxides. 

Oxide of iron - . 0-380 f 

Rust of iron . . 0-2500* 

Ditto nearly freed flrom air 01666 * 
"White oxide of antimony C 0*220 f 

washed - - (0-2272* 
Ditto nearly flreed fh)m air 0-1666 * 
Oxide of copper ditto . 0-2272* 
Oxide oflead and tin . 0102 f 
Oxide of zinc ditto . 01369 1 

Oxide of tin nearly freed C 0-0990* 

from air - - (0-096 + 
Yellow oxide of lead CO-OeSO 

ditto . . (O-oesf 
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